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Ammonia-Chlorine Reactions and Lime- 
Chlorine Process 


A Discussion of the More Important and Established Ammonia-Chlorine Reactions and 
Chloramine Production in Water and Sewage Treatment, and the Lime-Chlorine 
Process in Sewage Treatment 


By LINN H. ENSLOW* 


Associate Editor 


OINCIDENTALLY with the rapid expansion of 
the ammonia-chlorine treatment of potable and 
swimming-pool waters came the announcement of 

the death of the noted English scientist, Dr. Samuel 


Rideal, who was the earliest to recognize the role played 
hy ammonia compounds in disinfection with chlorine. 





fig. 1—Ammoniator Installation at Small Water Purification 
Plant. Ammonia Is Applied As Gas Rather Than Solution 


\iter several years of investigation Dr. Rideal’ in 1910 
announced the fact that chloramines and chloroproteins 
were produced in sewage as the natural result from reac- 
tion of chlorine on “free” and albuminoid ammonia or 
other nitrogenous bodies present. Furthermore it was 
hown that production of such chlorinated bodies insured 
valuable sustained disinfection effect and also increased 
e overall efficiency of the active chlorine added in the 
orm of hypochlorite. 
mmoma-Chlorine Reactions — There still remains 
siderable speculation concerning the possible reasons 
r the prevention of chloro-byproduct tastes when am- 
oma is added to waters prior to chlorination. The most 
itary Engineer, The Chlorine Institute, Inc., New York. 


commonly accepted explanation is that chloramine pro- 
duction holds the chlorine back from reaction with taste 
producing compounds and also that the production of 
chloramine accounts for the prevention of true chlorinous 
tastes in waters regardless of whether the ammonia is 
added prior to or following chlorine application. Why 
the true chlorphenol and many other chloro-byproduct 
tastes are prevented, whereas some other tastes may be 
only modified or partially prevented by preammoniation, 
remains to be explained. Almost without exception, how- 
ever, a water originally free of tastes can be kept so 
when employing preammoniation properly applied. 

The fact that the ammonia-chlorine process results in 
sustained sterilization and algaecidal effects in reservoirs 
and throughout the distribution system seems to be with- 
out question due to the properties of the chloramines or 
similar compounds produced. The assumption, however, 
that ammoniation increases the germicidal efficiency of 
chlorine seems to be based on apparent rather than real 
facts*, 

It is with the intent of briefly covering some of the 
more important and established ammonia-chlorine re- 
actions, products produced under variable conditions and 
their properties, that these “notes” collected here and 
there are being published. 

In the chlorination of waters or sewages which contain 
ammonia, artificially supplied if not naturally present, 
there will be produced one or more of the following, 
viz., the valuable chloramines, the less valuable nitrogen 
trichloride, or the valueless ammonium chloride. Which 
of these products or which combination of them is se- 
cured will depend upon the ratio of the ammonia and 
chlorine present, and more especially upon the hydrogen 
ion concentration (pH value) of the medium in which 
the reactions take effect. 

When ammonia enters water, (see Fig. 1) ammonium 
hydroxide is produced (a) and spontaneously thereafter 
carbonate or bicarbonate is produced (b). In addition 
other ammoniated products may be formed to a limited 
extent. 

(a). NH3 + H2O = NH,OH 
(b). NH4OH + COg = NH4H.COz 
NH4OH + Ca(HCO3)2 = CaCOg + NH4HCO3 + H2O 

Chlorine entering water produces hypochlorous acid (c 
and d) and these reactions are even more rapid in waters 
of high temporary hardness. If the water is caustic, 
hypochlorite is also produced (e). 

(c). 2Cle + 2H20 = 2HOCI + 2HCI 


(d). 2HCl + Ca(HCO3)2e = CaCle + 2H20 + 2CO2 
(e). 2Clg + 2Ca(OH)2 = Ca(OCle) + CaCle + 2H20 
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In either case the subsequent reactions between the 
available (frequently called “free” ) chlorine and the am- 
monia ions produce monochloramine (NH2Cl), or more 
frequently a mixture of the two. 

(f). HOC] + NHsHCOzg = NHeCl + 2H20 + CO2 
(g). 2ZHOCI + NH4sHCOz = NHCle + 3H20 + CO2 
(h). Ca(OCl)2 + (NH4)2CO3 = 2NHeCl + CaCOz + 2H20 
(i). Ca(OCl)2 + 2NHs,OH = 2NH2Cl + Ca(OH)2 +2H20 


NHe2Cl + NHsOH = NeHy:HCl + H20 
(j) { Natis:16 + NH,OH = NH4Cl + NeHy + H20 
2NHCle+4NH4OH = 3NH4Cl+Neo+NHe2Cl+4H20 

Should the ammonia be present in sufficient excess 
there is likely to result an undesirable reaction producing 
hydrazine hydrochloride of low germicidal value, or am- 
monium chloride which has no value (as in (j) above). 

The Role of pH in Controlling Chloramine Production 
in Sewage and Water—The question of which of the two 
chloramines is produced, or the relative proportion of 
each is determined by the pH value of the medium in 
which the reactions occur. In a zone of pH 4.4 to 5.5 
dichloramine (NH.Clz) is almost, if not wholly, the form 
produced (g). At pH values of 8.4 or more, (i.e., pink 
to phenolphthalein), monochloramine (NH2Cl) only is 
produced (h and i). Between pH 8.4 and 5.0, varying 
proportions of the two chloramines will result, and at 
approximate neutrality (pH 7+), there will result a 
mixture containing roughly 50 per cent of the available 
chlorine in each form. As the acidity increases the pro- 
portion of monochloramine decreases and the dichlor- 
amine content increases until at pH 5.0 no monochlor- 











Fig. 2 
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amine exists. (See Fig. 3.) With further increase of 
acidity to a pH of 4.4 or lower, not even dichloramine 
can exist and the product obtained is wholly nitrogen 
trichloride (NCls) according to reactions (k) and (1). 
(k). 3Cle + NH4Cl = NCls + 4HCI 

(1). 3HOCI + NH4HCO3 = NClg + 4H20 + COe2 

The nitrogen trichloride reactions are seldom if ever 
encountered in water treatment except, perhaps, in super- 
chlorination. In the process of superchlorination recently 
developed by Geo. A. Hormel & Co., meat packers, at 
Austin, Minn., for precipitation and recovery of valuable 
proteid compounds from the plant wastes at pH values 
of 3.4 to 4.4 the nitrogen trichloride reactions are pro- 
nounced. Nitrogen trichloride may also be produced 
locally to a limited extent when prechlorinating sewage. 

In water softening practice, and also in filtration if 
the pH value of the finished water is raised to 8.4 or 
above for prevention of corrosion, chloramine if pro- 
duced will be entirely in the monochloramine state 
(NHe2Cl) and the same condition must exist in effluents 
from the iron and lime coagulation process. Softened 
water recarbonated to exclude the presence of normal 
carbonate (i. e., at pH 7.5 to 7.8) should have between 
70 per cent and 90 per cent of the chloramine present in 
the mono- form. (See Fig. 3.) 

The above statements are naturally contingent upon 
the assumption that the ratio of ammonia (NHs3) present 
to the chlorine (Cl) applied is not less than 1 to 4 by 
weight, i. e., sufficient ammonia to insure monochloramine 
reactions (f), (h), and (i). 





Arrangement for Producing Hypochlorous Acid in Condenser Slime Control Operations at Power Plant. Note Wooden Tank 


Filled with Crushed Limestone Through Which Chlorine Water Is Discharged by Upward Flow 
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Once monochloramine has been produced, lowering 
of the pH value will result in its gradual conversion to 
dichloramine—the extent of the change depending upon 
‘he hydrogen ion concentration prevailing and time in- 
volved. Available chlorine in the form of dichloramine 
is, however, not materially less persistent than is mono- 
chloramine chlorine and is more rapidly effective. 

Recent correspondence from Chapin calls attention to 
the fact that this change is only partially reversible and 
supports this view by the observed losses of active chor- 
ine from dichloramine or nitrogen trichloride solutions 
when alkali is added: 


2NHClzg + 4NaOH = 3NaCl + NaOCl +Ne2+3H20 
2NClg + 6NaOH = 3NaCl + 3NaOCl + No+3H20 


fiow extensive such chlorine losses will be in alkalini- 
zation of very dilute solutions, such as chlorinated 
water, has to my knowledge never been ascertained. 
Until proven otherwise, the application of lime to waters 
containing chloramine chlorine should be checked up to 
determine the extent of residual chlorine dissipation if 
such occurs. The chlorine dosage may be increased to 
compensate for losses observed. 


In chlorination of sewages there is practically always 
present an ammonia content considerably in excess of 
that required to produce monochloramine. Primarily the 
lack of alkalinity (i. e., low pH value) together with a 
spontaneous chlorine absorption prevents monochlor- 
amine production. To insure the maximum chloramine 
production and the minimum production of ammonium 
chloride or other inert compounds in sewage, it is essen- 
tial that rapid and efficient chlorine distribution through 
the whole of the sewage be secured. 


To demonstrate the advantages from efficient chlorine 
distribution procedure, try applying the whole of a pre- 
determined chlorine dosage to one half or less of an 
experimental sewage sample (rapid mixing) and prompt- 
ly thereafter mtx together the two portions. Next, apply 
to the whole of another sample the same dosage (in 
dilute solution) during constant rapid mixing and com- 
pare the results secured in these two cases. The com- 
parative efficiencies will vary with different types of 
sewage or effluent; the greatest difference being noted 
with strong sewages and the least with dilute sewages 
or oxidized effluents. Frequently the efficiency from the 
first procedure will be but half that of the second and 
such observations have been confirmed also in large scale 
operations where chlorine distribution has been faulty 
for one reason or another. 


The feasibility of encouraging chloramine production 
by increasing the pH value of sewage with lime in con- 
junction with chlorine will be discussed later. 


The Efficacy of Chloramines vs. Chlorine—Regardless 
of the form of active chlorine applied—whether it be 
as chlorine, hypochlorite or chloramine— the rate of 
destruction of bacteria is radically affected by changing 
the pH value of the medium. If rapid disinfection is 
requisite, it will be necessary to maintain relatively high- 
er residual chlorine concentration in waters of high pH 
values. Above pH 8.0 the rate of bacterial destruction 
it) water may be materially retarded for a given residual 
chlorine value whereas lowering the pH value under 7.0 
increases the efficacy of a small residual chlorine content 
very markedly. Holwerda® calls attention to the obser- 
vition that 0.02 p.p.m. residual chlorine (ortho-tolidin 
test) at pH 5.9 is practically as effective as ten times 
teat concentration (0.2 p.p.m.) at pH 9.0 An example 
6. the slowing down of disinfection with increasing pH 
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values, even with a relatively high residual chlorine con- 
tent (0.5 p.p.m.) follows: 


p.p.m. Minutes required for 
pH Resid. Cl disinfection 
a. 4.5 0.5 
b. 6.8 0.5 30 
e. 8.5 0.5 60 


According to Chapin? the following ratios of chlora- 
mines must exist at the pH values shown above: 


In (a) 100% _ dichloramine (NHCl2) 
In (b) 50%  dichloramine 

50% monochloramine (NHo2C1) 
In (c) 100% monochloramine 


The residual chlorine concentration in the chloramine 
form which is required to produce efficient disinfection 
varies with temperature rather markedly. Even a change 
of 12 deg. C. representing a drop from 27 deg. to 15 
deg. C. apparently has a marked effect on the chlorine 


° 





; 
= bY 
§ ; 
3 : 
= 2 
3 3 
= q 
° hal 
s s 
wu wv 
x aS 
3 c 
~ ~) 
S 8 

— 
s ® 
&€ .& 
§ : 

“ss 
S $ 
° ; 
R 


pH Vatue of Meoium [Cwater, sewage, oJ 





Fig. 3—Curve Prepared from Values Given by Chapin. Indicates 
Ratio of Mono to Dichloramine Produced at Various pH Values 


residual required*. Likewise low temperatures materially 
retard the rate of color development in the orthotolidin 
test. 

Holwerda® considers any claims that the disinfection 
powers of chloramine chlorine are greater than ordinary 
chlorine are in error. It may be apparently greater be- 
cause of the slower absorption of the chloramine chlorine 
by organic substances but is actually less powerful. If 
compared on the basis of residual chlorine concentrations 
chlorine applied as hypochlorite or in the form of chlo- 
rine water is more powerful and considerably more rapid 
than chloramine in effects produced. Chloramine chlorine 
has one advantage in that it remains unabsorbed for a 
much longer period and therefore has a special value 
in certain cases. To overcome the disadvantages from 
chloramine production it will be necessary to weigh care- 
fully the effects of alkalinities in excess of pH 7 and 
lowering of temperatures. The residual chlorine content 
should be increased under such circumstances to values 
in excess of those formerly required when chlorine alone 
was in use. The ability to carry higher residuals without 
taste production when applying ammonia has already 
been discussed and therefore the process can be controlled 
to meet specific requirements. 

Production of Prepared Chloramine—In some in- 
stances it may prove desirable to employ ready prepared 
chloramine solution in preference to the application of 
ammonia and chlorine separately. A practical method of 
producing chloramine solutions consists of preparation 
of hypochlorous acid from chlorine water and thereafter 
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adding to the hypochlorous acid ammonia water or an 
alkaline solution of some ammonia salt!®, The reactions 
involved are the following in which monochloramine is 
produced by proper proportioning of the ammonia-chlor- 
ine ratios, i.e., 1 ammonia to 4 chlorine by weight, and 
maintaining the pH value at 8.0 or higher. To produce 
dichloramine or a mixture of the two chloramines, reduc- 
tion of the pH value of the mixed solutions to the desired 
point can be arranged. (See Fig. 3.) 
2HOCI+2NHsOH=2NH2C1+4H20 (at pH. 8.0 or higher) 

2HOCI+ NH4OH=NHClo+3H20 (at pH. 4.5 to 5.3) 

To produce hypochlorous acid economically and on a 
large scale a tank or tower filled with granular limestone 
or marble (%4 inch or smaller) is employed. Strong 
chlorine water is introduced at the bottom and in work- 
ing its way upward through the 4 to 6 ft. depth of cal- 
cium carbonate bearing material the chlorine is converted 
to hypochlorous acid and the accompanying hydrochloric 
acid is converted to neutral calcium chloride’. Roughly 
0.9 Ib. of limestone are required per lb. of chlorine con- 
verted. 

CaCOz3 +2Cle + H2O = CaCle + 2HOCI+ CO2 

The process lends itself to continuous operation which 
allows the use of chlorinators for measuring the chlorine 
and ammoniators for the control of the ammonia water 
applied to the tower effluent*. Salts of ammonia may also 
be employed. 

The accompanying illustrations (Fig. 2) shows an in- 
stallation of equipment and limestone tower for pro- 
ducing hypochlorous acid in condenser water treatment 
for slime control. 

Another scheme as conceived by Harrold® consists of 
diffusion of chlorine water or chlorine gas through a 
porous diaphragm into dilute ammonia water (750 p.p.m. 
or less NHs). Production of mono- or dichloramine or 
a mixture of these at will by variation of the chlorine 
ammonia ratios is claimed. It is assumed, however, that 
rapid diffusion and mixing is secured in the chlorination 
vessel by some form of agitation of the ammoniated 
water passing through. 

A scheme employed with some degree of success in 
1927 by Olszewski® has been the continuous application 
of dilute ammonia water and very dilute chlorine water 
by merging together the two streams while en route to 
the point of application. By weight the ammonia used 
was one-half that of the chlorine (1:2). Later (1928) 
Olszewski’ employed hypochlorous acid produced from 
soda ash and chlorine, to which ammonia was added to 
produce chloramines. 

Chloramine production should never be attempted by 
mixing gaseous ammonia and chlorine, or by, bubbling 
chlorine into concentrated solutions of ammonia or am- 
monia salts. An explosion has already been reported 
from such an attempt—the cause being the production of 
nitrogen trichloride according to the following reaction: 
NHs3 + 4Cl = NCI3 + SHCI 

Mixing together a 0.5 per cent ammonia solution and 
bleaching powder (chlorinated lime) solution containing 
0.5 per cent available chlorine has been the procedure 
employed successfully for several years at Ottawa, Ont.’, 
and later at Denver, Colo. The solutions are mixed as 
discharged through orifice control boxes in the ratio of 
1 volume of ammonia water to 4.2 volumes of hypochlo- 
rite solution. The process is continuous and just as the 
solutions merge together an appreciable supply of auxil- 
iary water for dilution is added. The only contact pro- 
vided for reaction is the few minutes required for the 
travel to the point of application to the water. 

In very small scale operations high test calcicum hypo- 
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chlorite (HTH) can be employed as the chlorine carrier 
for chloramine production. This product contains 62 to 
65 per cent available chlorine, is stable and readily 
soluable. 

In selecting a method for chloramine production, 
adaptability, cost of materials, initial investment and 
operation charges constitute the considerations. 

The Use of Lime or Chlorinated Lime in Sewage 
Chlorination—There has been recent evidence to indicate 
that increased efficiency of chlorination of sewage can be 
secured if chlorine is applied in the hypochlorite form— 
particularly when a moderate excess of the alkali in- 
volved is added. The advantage seems to lie in the slow- 
er reaction produced, less active chlorine required and a 
resulting persistent disinfection effect over a relatively 
long period—apparently the result of chloramine pro- 
duction in situ. The alkali applied along with the active 
chlorine is effective in temporarily raising the pH of the 
sewage at the point of application, thus encouraging 
production of monochloramine from the ammonia nat- 
urally present in sewages. Thereafter any monochlora- 
mine produced reverts gradually to dichloramine—the 
extent to which this proceeds being a function of the 
ultimate pH value of the chlorinated sewage and length 
of contact. During this period the valuable effects of the 
active chlorine present persist, in many cases for hours. 

A practical scheme for producing alkaline hypochlo- 
rite and at the same time varying the alkali-chlorine ratio 
to suit specific circumstances consists in an arrangement 
to feed an emulsion of lime as ordinarily practiced at 
water plants and introduction of the output of one or 
more chlorinators into the pipe line carrying the lime 
emulsion to the point of application to the sewage. The 
chlorine should preferably be divided for introduction 
at more than one point along this line. The hypochlorite 
production is practically spontaneous if efficient merging 
of the chlorine with the lime emulsion is effected. Rapid 
velocities and a full flowing line is therefore an important 
feature of such an arrangement. Other schemes of a 
similar nature are of course also practical but less simpli- 
fied and not subject to the accuracy secured from dry 
chemical feeders in conjunction with chlorinators. The 
above suggested scheme is identical with that employed 
in producing chlorinated copperas (chlorinated ferrous 
sulphate) in coagulation practice®. Lime supplants the 
copperas. 

Attempts to produce desired results by application of 
lime to the sewage ahead of the point of chlorine applica- 
tion have not given as satisfactory results and have been 
more costly—primarily on account of the increased lime 
requirements. 

The ratio of lime to chlorine employed may be varied 
to meet specific requirements. Ordinarily for each pound 
of chlorine applied not more than 1.25 pounds of hydrat- 
ed lime should be required to react with the chlorine and 
supply the desired excess for increasing the pH value at 
the immediate point of application. Relatively less lump 
lime will be required and economy will justify its use 
in large installations although greater operating care and 
somewhat more equipment is required. 

Excess lime above the 1 to 1.25 ratio will have no 
undesirable effect and may actually prove beneficial if 
the sewage is abnorally low in alkalinity. A deficiency 
of lime will have no other result than a decrease in the 
alkalinity, i.e., somewhat lowered efficiency. The likeli- 
hood of corrosion of the pipe line if constructed of iron 
must also be considered if the lime dosage is materially 
reduced. 

The use of a solution of chlorinated lime (bleaching 
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yowder) alone or in conjunction with lime applied as 
ibove constitutes an alternate scheme. The remarks 
nade under the heading “Production of Prepared Chlo- 
ramine” which refer to the selection of a process on the 
yasis of comparative adaptability and cost of liquid chlo- 
‘ine vs. bleaching powder apply equally in this instance. 
Large scale installations of the lime-chlorine process 
ire now under way at two important sewage plants and 
he practical demonstrations will be carefully observed 
for comparison with results from the small scale experi- 
ments. 
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A Gauge Box for Measuring 
Maximum Stream Flow 


As a preliminary to the design of the North Toronto 
Ont., sewerage system, creek and watershed surveys 
were undertaken, and computations were made of the 
extent of the various drainage areas. Stream-flow 
records were kept for a period of over 10 years, the 
data being obtained through gauging weirs built in the 
creek beds. For the purpose of reading the maximum 
depth of water flowing over the crest, a box with holes 
in the bottom was placed about 50 ft. back from the 
weir. Small hooks were set in the box and corks were 





Gauging Weir; Gauge Box in Background 


hung on the hooks. As the water level rose, water en- 
tered through the holes in the bottom of the box and 
the corks floated off, indicating the maximum height of 
water above the crest. The accompanying views show 
me of the weirs and one of the gauge boxes with its 
‘over removed. 

It may be noted that it was concluded that the 









Close-Up of Gauge Box with Cover Removed 


heaviest flow from unimproved land occurred during the 
spring runoff, and was caused by melting snow. The 
greatest runoff recorded for areas of about 1,000 acres 
was 0.2 cu. ft. per sec. per acre. George Phelps is first 
assistant engineer of sewers and R. C. Harris is com- 
missioner of works of Toronto. 
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Applying Copper Sulphate to Ice Covered 
Reservoirs 


The September Journal of the New England Water 
Works Association contains the following: 

Two of the smaller reservoirs of the Haverhill, Mass., 
supply became heavily laden with Uroglena and Synura 
at a time when both reservoirs were covered with ice. 
Through the fortunate availability of ice-cutting ma- 
chinery the water board was able to secure the machinery 
for cutting slots through the ice in parallel lines about 
150 ft. apart. 

In one pond the attempt was made to pump the solu- 
tion of copper sulphate into the reservoir by a device 
such as is used for spraying gardens. Unfortunately 
we did not take into account the rapidity with which 
the corrosive character of copper would act on gal- 
vanized iron cans. The cans corroded so rapidly that 
we had to abandon that method and apply the solution 
by dragging burlap bags filled with the copper sulphate 
in the water through the slots. This method was ef- 
fective and the number of organisms was reduced from 
several thousand per cubic centimeter to practically none 
in about a week’s time. 

In the second reservoir the solution-feed method was 
more successful. In that case a barrel was mounted on 
a sled, and from the barrel the copper sulphate solution 
passed through a flexible hose into a horizontal pipe 
with perforations about 1% in. in diameter at 6-in. 
intervals. 
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Precipitation Records and “Effective” Rainfall 


By ALFRED S. MALCOMSON 
Appraisal Engineer, 132 Nassau St., New York, N. Y. 


NE who makes use of data of any sort must needs 

be careful he knows what they signify if he would 

avoid going astray in the conclusions he draws 
from their use. And if the data have been collected or 
prepared by someone else, not under his direction, the 
caution deserves to be accentuated. 

It is probable that most rainfall records, in this country 
at least, are comparable with those of the U. S. Weather 
Bureau. Hence a resume of the published instructions 
issued as a guide for its co-operative observers, and ap- 
propriate comments as to their significance, should be of 
interest to all who have occasion to use or study such 
records. 

The apparatus used for measuring rainfall is simple 
and inexpensive, and well designed for the purpose. It 
consists of a rain gauge and a support, the latter being 
ingeniously contrived by a simple reconstruction of the 
box in which the gauge is shipped. 

The gauge itself consists of four parts: the receiver, 
the measuring chamber, the scale, and the overflow cham- 
ber. The receiver has a circular exposure exactly 8 in. in 
diameter which discharges through a funnel into the 
measuring chamber, the latter serving also as a support 
for the receiver. 

The measuring chamber is exactly 20 in. deep and so 
proportioned that it magnifies the depth of rainfall by 
ten. The scale is a simple measuring stick graduated in 
inches and tenths, and therefore its readings require 
division by ten in order to convert them to inches of 
rainfall. This conversion could readily be eliminated by 
graduating the scale directly for inches of rainfall. The 
measuring chamber has a capacity of but 2 in. of rain- 
fall, and any excess passes readily into the overflow 
chamber where it is held until a record is to be taken 
of it, at which time it is poured into the measuring cham- 
ber and there scaled. 

It is of course essential that the circular top of the 
measuring chamber be level, and that precautions be 
taken against interference by animals or unauthorized 
persons. The exposure of the gauge is also of consider- 
able importance because of the disturbing effects of wind 
eddies. Low fences, walls, or bushes are regarded as 
desirable as wind breaks if at a distance from the gauge 
equal to at least twice their height, and placement on a 
roof is desirable only if the surface is flat and at least 
60 ft. square. Improper placement may result in a differ- 
ence of 20 per cent in the catch of two gauges but a 
few yards apart in a heavy wind and rain storm. 

In winter, when snow fall is prevalent, the receiver 
and measuring tube are removed and the overflow cham- 
ber only exposed. Snow and ice choke the small funnel 
outlet of the former, and ice forming in the measuring 
tube readily bursts it or destroys its accuracy. If there 
is much wind during the snowfall it is regarded as de- 
sirable to discard the catch of the gauge and to substitute 
for it a section cut from the snowfall by plunging the 
empty overflow chamber, mouth downward, into the 
snow in an open place where the depth truly represents 
the precipitation. 

Snowfall is reported both as inches of rainfall and as 


inches depth of snowfall. The former is determined 
wherever possible by converting the snow into water and 
then measuring the latter in the measuring chamber of 
the gauge. The recommended practice is to add warm 
water of known quantity for the purpose of melting the 
snow and then to discard a like quantity before making 
the measurement, the alternative method being simply to 
measure the water content of the snow after it has melted 
itself. In cases where the snow is not melted down, the 
equivalent rainfall is estimated at one-tenth of the meas- 
ured depth of snowfall, though the true ratio varies from 
one-seventh to one-thirty-fourth. 

Depth of snowfall is reported as an average of three 
measurements taken at a level spot free of drifts. It is 
recorded supplementary to the equivalent rainfall and 
does not usually appear in published reports or sum- 
maries. Depth of snowfall remaining on the ground is 
also reported concurrently with other observations, but 
no provision is made for determining the equivalent rain- 
fall content remaining on the ground at any time. 


The approximate time of beginning and ending of rain 
and snowfall are recorded, and provision is made for 
daily records. There are about 400 co-operative observers 
in the United States who are responsible for taking rain- 
fall and other weather records. They receive no money 
compensation but are on the free mailing list of the 
Weather Bureau, and are provided with necessary equip- 
ment, stationery, and franked envelopes. 

The most important caution to be noted in connection 
with rainfall records relates to those which include appre- 
ciable snowfalls, for in such cases the data may be grossly 
deceiving over a period of several months. As no attempt 
is made to adjust for snow remaining on the ground it is 
obvious that although the precipitation record be wholly 
correct and dependable, the “effective” rainfall may be 
substantially greater or less than the figures would indi- 
cate. For snow lying on the ground is scarcely effective 
for any purpose other than as a frost blanket or as a 
particular form of water storage. 

Hence it is important to have this point in mind in 
comparing stream flow and rainfall data and in any 
study having to do with “effective” rainfall rather than 
with actual precipitation. Indeed, it is surprising that the 
Weather Bureau makes no provision for recording the 
monthly carryover of snow converted into equivalent 
rainfall, which it would seem could be done with ease. 


--H-- 


797,695 Acres UNDER IRRIGATION IN TExas.—There 
were 797,695 acres under irrigation in Texas during the 
crop season of 1929, according to the preliminary figures 
issued by the Bureau of the Census for the count made 
in 1930. The census of 1920, for the year 1919, showed 
an irrigation acreage of 586,120, the increase in ten years 
having been 36.1 per cent. Hidalgo County, with 
229,787 acres under irrigation, led the state, and its 
sister lower Valley county, Cameron, was second with 
155,804 acres. The two counties had 385,591 acres 
under irrigation, which was 48 per cent of the irrigated 
acreage of the state. 
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Settling Basins for Coagulated Water 


T IS the purpose of this article to discuss basins or 
reservoirs for settling the precipitate produced by 
chemical treatment of water, commonly called “co- 

agulation basins.” It is believed that the term “settling 
basins” more correctly defines their function. Plain sedi- 
mentation will not be discussed in this article,even though 
it is almost an essential part of the treatment process for 
highly turbid waters. 

Historical—tThe writer does not have information as 
to the first rapid sand filtration plant using basins for 
settling the coagulated water. It is assumed that there 
were very few plants constructed before the value of 
sedimentation was recognized. Fanning’? in 1888 says 
that in every case where filtration is desirable, prelim- 
inary precipitation by use of a coagulant is important. 
He also states that where sand filtration is, for financial 
or other reasons, impossible, precipitation with a coagu- 
lant will greatly improve the water supply. Most of the 
earlier sedimentation tanks were small, and had a sub- 
sidence period of only a few minutes to an hour or more. 
Usually they were constructed of steel or wood, the same 
as were the filter tanks. 

The earlier rapid sand filters were manufactured by 
filter companies, and usually they supplied all material 
for making the plant a complete process. Coagulation 
being an essential part of the process, they had to make 
provision for applying the chemicals to the water as well 
as filtering it. Usually they were called upon to install 
and demonstrate that their equipment would produce 
satisfactory results before it was accepted by the water 
works. What the water works expected the filter manu- 
facturing companies to do, in the early history of rapid 
sand filtration, was to install complete everything neces- 
sary to take the turbid and colored water and convert it 
ito sparkling clear water. As to what was needed was 
‘it almost entirely to the filter companies. Naturally the 
ilter companies at first preferred to use something less 
‘pensive than concrete for settling basins, and some- 
thing that could be manufactured elsewhere and sent to 
the location ready to be assembled. 

\Vhere sedimentation was used for the earlier plants, 
the tanks were either located near the filters or in a num- 
er of instances the filters and settling tanks were made 
together. In the latter case a tank 16 to 18 ft. high was 
used, with the sedimentation part occupying the lower 
portion of the tank and the filter the upper portion. This 
usually left 6 to 8 ft. depth for the settling tank. Hazen? 
states that: “Both the Warren and the Jewell filters are 
provided with receptacles through which the water passes 
‘iter receiving the coagulant and before entering the 
titers. In the Jewell filter the receptacle, called a sedi- 
mentation-basin, is of such size as to hold as much as 

iltered in 15 minutes. In the Warren filter the recep- 
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tacle is entirely independent and larger, holding about an 
hour’s supply.” In the Jewell type the sides of the set- 
tling tank extended above the water line on the filter, 
and the filter was a separate tub about 8 in. less in 
diameter than the outside tub and did not extend to the 
same height as the outside tub. The opening between the 
sides of the tubs was closed near the bottom and served 
as a wash water trough. The influent from the settling 
part of the tank passed through the center of the filter 
to a point 18 to 24 in. above the sand. The wash water 
merely spilled over the side of the filter tub and passed 
out a drain which opened through the side of the outer 
tub just above the point where the opening between the 
tubs was closed. This made a very compact arrangement 
of filter and settling tank, but did not provide much 
settling time. The settling tank independent of the filter 
tank soon became the type most extensively used. 

It was not until consulting engineers began designing 
filtration plants that the type of settling basin now so 
general same into extensive use. The settling basins 
in the Little Falls plant of the East Jersey Water Co., 
while probably not the first rapid sand filtration plant 
to use rectangular concrete settling basins, was one of the 
early plants. This plant was completed in 1902. 

Settling Basins for the Larger Filtration Plants —A 
list of most of the larger cities having rapid sand filtra- 
tion plants is given in Table I. This list is not intended 
to be complete, but includes most of the large cities 
where there is at least a brief description of the settling 
basin in the articles to which reference is made. The 
description in most instances is included in a general 
description of the plant. The list gives a very good idea 
of prevailing practice in the design of settling basins for 
rapid sand filtration plants. It is believed that such fac- 
tors as settling time, method of baffling, and flow through 
the basins, for small plants follows very closely that used 
for larger plants. There are a number of smaller plants 
described in the water works literature, but their inclu- 
sion in the list would not materially alter the figures 
shown in the table. The writer had record of the size of 
settling basins and settling time for a large number of 
small filtration plants, and an average of these figures do 
not vary greatly from the average of the larger plants. 

From Table I it will be noted that the number of 
basins vary from one to eight, with all cities except one 
having two or more basins. The settling time varies 
from one hour to 40 hours, with the majority ranging 
from 3 to 6 hours. As to whether the basins are open 
or covered, depends somewhat upon the location. A 
large percentage of the cities north of Washington and 
St. Louis have covered basins, whereas none south of 
these cities are covered. All of the basins are constructed 
of concrete, or are concrete lined, and most of them have 
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Atlanta, Ga..... 


Baltimore, Md. Old............... 
ORG Se eee 
ee Gs ikke cei ecae anew ts 


1 SS Sy, Se eae 
RE SION ovina coc anievam a> a 


Coder Ravids. lows... 25... 0060035 
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Cleveland, Ohio 


eg eee 


Baldwin Plant........ 


Columbus, Ohio se eae 


Dallas, Texas........ 
Denver, Col... .. 


Detroit, Mich. Old............... 
Pinhead 
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Evansville, Ind... .. 


Flint, Mich....... 


Grand Rapids, Mich........... 


Harrisburg, Pa...........-. 


Ft. Worth, Texas... 


Indianapolis, Ind.. 
Kansas City, Kansas. .. 
Kansas City, Mo..... 


Knoxville, Tenn. 
Louisville, Ky. 


Miami, Fla..... 


Minneapolis, Minn. 
Columbia Heights 
fo é 

Montreal, Canada Priv. 


Munic. 


Nashville, Tenn..... . 
New Orleans, La... . 


Niagara Falls, N. Y. 
Norfolk, Va. (1) 

5 ee 
Oakland, Calif........ 
Oklahoma City, Okla. 


Passaic District..... 

Little Falls, N. J..... 
Philadelphia, Pa. 

Queen Lane........ 
Providence, R. I... 
Richmond, Va.. 

St Louis, Mo. 

Chain of Rocks 


St. Louis, Mo. Con’t 
Howard Bend. 


St. Paul, Minn....... 
Sacramento, Calif.. 
Springfield, Ill... . 


Trenton, N. J. 
Toledo, Ohio... 


Tulsa, Okla.... : 
Washington, D. C. 
Waukegan, Ill... . 
Wheeling, W. Va. 
Wilkinsburg, Pa... 
Wilmington, Del. 


Winston-Salem, N.C... ... 
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TABLE I—SeETTLING BASINS FoR RApiIp SAND FILTRATION PLANTS 


Capacity Total Time at 
o No. Settling Rated 
Plant of Capacity Capacity 
M.G.D. Basins M.G. rs. 
50 6 4.0 2.0 
30 5 i. 7 7.5 
128 2 15.0 3.0 
112 2 He: 3.3 
8.6 
20 2 4.0 5.0 
160 2 20.0 3.0 
14 2 : 2:5 
1 Clarifier 
12 1 4.0 ae 
112 3 12.0 4.7 
150 6 21.0 3.7 
165 + 32.0 4.7 
54 6 15.0 6.7 
15 2 5.4 re 
64 1 2.9 1.0 
250 2 29.0 2.0 
212 4 29.0 3.2 
32 2 3.3 2.5 
16 2 Ee rar - 
7.2 4 3.56 5.1 
28 3 7.0 6.0 
30 4 5.0 4.0 
22 2 hee a 
20 3 4.5 5.5 
25 a 36.0 
96 5 52.0 
15 2 ee 6.0 
126 2 12.0 2.3 
20 2 Clarifiers 
1 
78 4 ne 5.6 
80 2 we : 
30 Z 1.2 wa 
150 ee rere Peis 
28 2 rane ee 
112 8 80.0 {19.2 
\16.2 
16 2 2.0 re 
16 2 | B 4.5 
12 2 3.2 5.0 
12 2 2.0 rare 
16 + 2.4 4.0 
roe 2 4 3.6 
42 1.8 
60 + 10.0 4.0 
48 2 sates 2.5 
30 4 re 12.0 
160 8 240.0 40.0 
80 2 Clarifiers \ 
Me te 2P. 29.0 13.0 
42 2 6.5 Le 
64 3 6.5 25 
12 2 Clarifiers as 
ae 2 WES 3.9 
30 2 4.0 5.0 
34 5 6.0 7.0 
24 2 3.0 3.0 
80 2 10.0 3.0 
10 2 pat 3.5 
20 2 3:3 4.0 
2.5 2 af ‘ 
12 2 2.0 4.0 
12 2 2.18 
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317 
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314 
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\ 60 
120 


2-120 
192 
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-traight sidewalls. There are still a few settling tanks 
of wood and steel in use in the small plants, but a great 
majority of the smaller plants now construct concrete 
yasins or reservoirs. The velocity of the water through 
the basins also varies widely, with the smaller plants 
tending to have a slower velocity than for the larger 
plants. This is what should be expected for the most 
economical size basin. Figure 1 is sketch of typical set- 
tling basins in which the general outline is nearly square. 
ach basin is about twice as long as the width, and each 
one has a baffle wall so that the water enters along one- 
half of one end, flows through the baffle and leaves the 
basin along the other half of the same end. This type of 
basin is frequently designated as “around the end” basin 
and is the design most generally used. 


Settling Basins Where the Water is not Subsequently 
Filtered—It seems natural after an interest in clearer 
drinking water was created that we might expect to see 
efforts to improve the water by chemical treatment and 
sedimentation without later filtering the water. This is 
what took place. Fanning in 1888 referred to the fact 
that the water may be greatly improved by coagulating 
and settling in reservoirs. It is not known if there were 
any water works using such a treatment at this early 
date, and if there were not, evidently such an idea was 
in the heads of the leading sanitary engineers and no 
doubt such a procedure was soon adopted. Kiersted™ 
states that the use of aluminum sulfate to coagulate the 
Missouri River water was started in April, 1899. The 
water was first given plain sedimentation®® in two of the 
reservoirs holding 19 million gallons, which was about 
414 hours at a 100 million gallon rate. The coagulant 
was added before the water passed through the other 
reservoirs, which had a retention period of about 17.3 
hours at a rate of 100 million gallons per day. By this 
process water having an average turbidity of 3,100 parts 
per million in 1927 was lowered to an average of 10 
parts. 336,655 tons of mud were removed from the 
water in 1927, 90 per cent of which was removed in 
plain settling basins.5** These reservoirs were operated 
with the addition of a coagulant only up until 1928, when 
the new rapid sand filtration plant at North Kansas City 
was put in operation. 


In most instances where coagulation and sedimentation 
only has been practiced, filtration plants later have been 
constructed. The name of several cities where a coagu- 
lant has been used prior to the construction of a filtration 
plant is given in Table II. The reservoirs used where the 
water was not subsequently filtered, in most instances, 
were constructed along the lines of large storage reser- 
voirs, where there is from one to several days settling 
before the water is pumped to the distribution system. 
Usually an earth embankment was constructed across a 
ravine or in some other location where the desired capa- 
city could be obtained at a minimum of cost. In fact, in 
most instances the reservoirs were constructed for plain 


TABLE IJ.—SeEvERAL Cities UsSInG A COAGULANT AT INTERVALS OR 
CONTINUOUSLY PRIOR TO THE CONSTRUCTION OF A FIL- 
TRATION PLANT. 


Year Year 

Reference Coagulant Filters 
Number City Started Constructed 

55 Kansas City, Mo. .... 1899 1928 

5S St. Lows, Me. .oicccsis 1904 1915 

59 Richmond, Va. ....... 1909 1924 

60 Nashville, Tenn. ..... 1908 1929 

61 Omaha, Neb. ........ 1910 1923 

Baltimore, Md. ...... .... 1915 

62 New York, N. Y. .... 1926 oe 
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sedimentation of turbid river waters, or to provide stor- 
age nearer the city. 


Settling Basins for Slow Sand Filtration Plants Where 
the Water is Coagulated at Least Part of the Time.— 
Plain sedimentation for slow sand filtration plants has 
been used almost from the beginning of this method of 
filtration, though the writer does not know when the use 
of coagulants to aid slow sand plants was started. It was 
difficult to produce perfectly clear water in many of 
the slow sand plants when the turbidity was high, con- 
sequently shortly after the value of a coagulant in rapid 
sand filtration was demonstrated, some of the slow sand 
plants also began to coagulate the water at times when 
the turbidity was higher than the plant would success- 
fully handle without a coagulant. The Anderson metallic 
iron process was used in Antwerp prior to 1887. In 
this process of coagulation the water is passed over 
metallic iron, so arranged that a large iron surface was 
exposed to the water, the iron going into solution precipi- 
tated as ferric hydroxide. Hazen™ states that ordinary 
filtration will remove from one-fourth to one-third of 
the yellow brown color of peaty water, and that a larger 
portion can be removed by the addition of alum. He 
also states that alum is but rarely used in slow sand 
filtration. The writer has no information as to whether 
the first use of a coagulant in slow sand filtration was 
followed by a period of sedimentation before the water 
went to the filters. 


In a report® on the preliminary treatment of water 
for slow filters at Pittsburgh by Johnson, reference 
is made to the use of a coagulant at Springfield, Mass. ; 
Ferncliff and Poughkeepsie, N. Y.; Indianapolis, Ind. ; 
Tokyo, Japan; and Calcutta, India. Johnson at that 
time states it was proposed for use in a number of large 
cities. The use of a coagulant (iron and lime) at times 
of high turbidity was started at Indianapolis, Ind., in 
1909,°* and aluminum sulfate was started at Washing- 
ton in 1911. 


In general, the types of reservoirs used for settling 
the coagulated water where it was later to be filtered 
with slow sand filters are larger than the settling basins 
usually used with rapid sand filters. Practically all slow 
sand plants did not contemplate having to use a coagulant 
all the time, and the reservoirs were designed more with 
the idea of using them for plain sedimentation than 
for coagulated water. The settling period at Indian- 
apolis was about 48 hours. At Washington, the coagu- 
lant is applied between the Delecarlia and Georgetown 
reservoirs. 


The Rectangular Concrete PBasin.—The rectangular 
concrete settling basin with vertical sidewalls is the type 
now most generally used for coagulated water. Figure 1 
shows sketch of a typical basin of this type. Prac- 
tically all plants have at least two basins, so that some 
sedimentation can be provided while one of the basins 
is being cleaned. The settling time and the shape of the 
basins are influenced by several factors. The shape that 
gives the desired capacity at the lowest cost may not be 
the most economical basin. The efficiency of the basin 
in settling out the coagulated matter should be given 
chief consideration, though the construction cost must 
not be overlooked. The cost of operating the basins is 
confined largely to an occasional cleaning, which in most 
plants is not very costly. It is believed that it does not 
exceed 5 ct. per million gallons of water treated in many 
plants. Where there are two basins side by side with a 
dividing wall that will withstand the pressure with one 
full and the other empty, the shape that gives the cheap- 
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est construction cost probably is where the width of 
each basin is about three-fourth the length. As the cost 
of the settling basins is usually only a very small per- 
centage of the total cost of the plant greatest consider- 
ation should not be given the layout that is cheapest to 
construct. Most consideration should be given the type 
or shape that will produce the maximum settling within 
a given time. In small plants the length probably should 
be considerable in excess of 1.33 times the width, largely 
to provide greater length of travel for the water and to 
produce conditions less favorable for short circuiting 
the basins. Most of the small plants use the settling 
basins in series, whereas most large plants use the basins 
in parallel. As to where the dividing line should be, 
there is not much information. The writer is of the 
opinion that if running the basins in series gives a 
velocity of more than 5 ft. per minute, it is better to 
run them in parallel. This will depend to a great extent 
upon local conditions. Water with a very heavy pre- 
cipitate will settle the coagulated matter efficiently even 
though the velocity is much higher than 5 ft. per minute. 
The flow through the basins will be discussed more 
fully in another paragraph. 

There are differences of opinion as to the most eco- 
nomical depth of settling basins. Some are of the opin- 
ion that subsidence is more a matter of the surface area 
than the volume. Table I shows that most of the larger 
rapid sand filtration plants have settling basins ranging 
in depth from 12 to 20 ft. The amount of sediment 
allowed to accumulate before the basin is cleaned has 
to be taken into consideration. Where the water is very 


turbid and large quantities of the coagulant are used, 
the rate at which the settling basins fill up with sedi- 


ment is quite rapid. In such instances it might be de- 
sirable to have the basin fairly deep so that it will not 
be necessary to clean them so often. It is believed that 
the depth which represents about the average of prevail- 
ing practice for the larger plants as shown by the table 
is the most economical depths for most conditions; that 
is, a depth about 16 ft. The depth, of course, should 
not be uniform, for the bottom should have a slope to aid 
in cleaning. 

The slope of the bottom of settling basins is solely 
for the purpose of aiding in removing the sediment. 
That there should be a fairly steep slope to the drains is 
evident to all who have had experience in cleaning set- 
tling basins. It is believed that the slope should be not 
less than 2 ft. per 100 ft., and under most conditions 
should be about 5 ft. if such a steep slope can be pro- 
vided without making the cost of the basins excessive 
As previously stated, the cost of cleaning settling basins 
is very low, and we are not justified in going to con- 
siderable expense in construction just to be able to save 
a little in the cost of cleaning. Some basins are con- 
structed with a center gutter between the sidewalls, or 
between the sidewall and center baffle. The gutter is 
given a slope of 1 to 2 ft. per 100 ft., and the bottom 
slopes towards the gutter with a fairly steep slope. This 
type of construction makes a basin that is easy to clean. 
Some engineers are of the opinion that this produces 
certain structural weakness that makes the wisdom of 
using the center gutter doubtful. Basins over 300 ft. 
in length should, under most conditions, be provided 
with more than one drain, otherwise it will be necessary 
to have a basin quite deep at one end or quite shallow 
at the other end. 

Not much need be said about drains. The larger the 
basins the larger the drains should be for convenience 
in emptying the basins. It is believed unwise to use a 
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drain pipe less than 8 in. in diameter, except possibly 
for very small tanks; and there probably is no economy 
in using drains larger than 20 in. in diameter for the 
larger basins, though there is no objection to having 
larger drains, except the extra cost. Eight to 16 
should be sufficient for plants up to 20 million gallon 
daily capacity, and 16 to 20 in. for larger plants. The 
gates or valves should be located where they are easily 
accessible in case of something getting into the settling 
basin that will become lodged in the outlet. Such pro- 
visions probably are not necessary for covered settling 
basins, but it is almost impossible to prevent sticks and 
small pieces of lumber getting into open reservoirs. All 
drains should be of iron or reinforced concrete to a 
point outside of the building. An open observation well 
within the building over the drain will enable leakage 
through the gates or valves to be detected. Such pro- 
visions are unusual, but probably are well worth the 
cost for keeping the leakage to a minimum. 

Perhaps the most comon type of settling basin is what 
is known as the “around the end” basin. This is where 
the water enters the settling basin along one-half of 
one end, flows out around a baffle that extends from this 
end to near the opposite end, and then flows back to 
the other half of the same end of the basin that it en- 
tered. In a few instances the water makes more than 
one turn, but the single turn is the most common type. 
There is considerable differences of opinion as_ to 
whether the basin should be of this shape or whether 
it should have a straight flow in which it enters at one 
end and leaves at the other end. About all that may be 
said is that either arrangement is satisfactory and one 
may use the arrangement that fits best the general ar- 
rangement of the plant. 


The entrance to the settling basins has been given 
much consideration by designing engineers. The arrange- 
ment shown in Fig. I probably is the most common type 
of entrance for small and moderate size plants. Larger 
plants may have the gates near the bottom and the baffle 
extending from the bottom to near the top. This type of 
entrance is commonly known as “over baffle” or “over 
weir” entrance. The water flows into the settling basin 
usually along the entire entrance section over a baffle 
that extends to within 12 to 24 in. of the water surface. 
The entrance to settling basins, cross baffling, and the 
outlet to settling basins will be discussed more fully in 
the paragraph on flow through the settling basins. Clean- 
ing rectangular concrete settling basins is usually a very 
simple procedure. The inlet and outlet valves or gates 
are cut off and the drain valves opened. A large per- 
centage of the sediment will flow out with the water, but 
from 1 to 3 ft. may be left behind and has to be flushed 
out. Some basins that have a fairly good slope to the 
drains, and provisions for allowing water to flow in at 
the high points may have all but about 1 ft. of the sedi- 
ment flushed out without hosing. To remove all the sedi- 
ment, a hose must be used. Many of the larger basins 
can be drained, flushed, hosed perfectly clean, and filled 
with water in less than 36 hours; and some of the smaller 
basins within 8 to 10 hours. In small plants where 
the filter operators clean the settling basins there is no 
extra cost except for the water used, but the larger 
plants usually have special laborers to do such work. 
The cost ranges from about 4 to 10 ct. per cubic yard 
of sediment removed. The cost per million gallons varies 
with the amount of sediment removed and may range 
from about 5 to 30 ct. per million gallons of water treat- 
ed.’ Large settling basins should be provided with flush 
valves at one or more of the high points and sufficient 
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se connections so that it will not be necessary to 
nandie over 100 ft. of hose. For small plants where 
he hose is handled by one man the diameter should not 
he in excess of 1% in. Where two men are available, 
ire hose may be used. 

Settling Basins With Underdrains——A_ few settling 
basins have been equipped with underdrains in the first 
part of the basin to blow off the sediment without having 
to drain the basin. One of the early basins of this type 
was constructed at Muskogee, Okla.®® The settling basin 
is 212 ft. square and is filled 18 ft. in depth of water. 
A curtain wall divides the basin into two parts. The 
first compartment is 52.5 by 212 ft., and has a per- 
forated bottom with 3 in. vitrified pipes. The vitrified 
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PLAN OF SETTLING BASINS 
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TYPICAL LONGITUDINAL SECTION 
Fig. 1.—Plan of “Around the End” Settling Basin. 


pipes are perforated with 9/16 in. holes, and are laid 
with asphalt joints. The collecting channel for each zone 
is 8 in. deep and 14 in. wide. The sludge valves are 
12 in. hydraulic valves. The amount of water passing off 
with the sludge is estimated to be not more than one- 
sixth of 1 per cent of the water treated. Another basin 
of similar type was constructed in Lawrence, Kan.* 
in 1918. Eight inch vitrified sewer pipe tapering to 4 in. 
was used for the underdrains. The floor is level with 34 
in. Opening to the drains. There is a cast iron manifold 
with valve cutout for each line of sewer. One of the set- 
tling basins at Atlanta, Ga.*® has a section provided with 
mud hoppers and drains for flushing the sediment while 
in operation. The entire basin is about 400 ft. long and 
120 ft. wide, with 98 ft. at the entrance, end provided 
with hopper bottom. There are 24+ hoppers each with a 
iud outlet. The drains are connected to a mud outlet 
ystem. There are no valves on each hopper outlet. To- 
eka, Kan., ** also has a settling basin with underdrains. 

The writer is not aware of any basins with under- 
rains being constructed within the past few years, and 
‘is not likely that basins of this type will come into gen- 
eral use. 

(CONCLUDED IN THE APRIL ISSUE) 
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Water Supplies in Ohio Drought Area 


Surveys of the public water supplies in the drought 
area of southeastern Ohio were made in February by 
the Division of Sanitary Engineering of the Ohio State 
Board of Health. The investigation covered 66 municipal 
supplies in 28 counties in this drought area and 49 public 
supplies in 11 counties bordering the area. The Ohio 
Health News of Feb. 15 comments on this work as 
follows: 

Fifty of the 66 public water supplies in the 28 counties 
are derived from drilled wells yielding a ground-water 
supply ; 16 are derived from surface sources such as the 
Ohio River, tributary streams, and impounding. reser- 
voirs. Difficulty from the standpoint of shortage of 
water was found to be confined entirely to those public 
water supplies derived from surface sources. Reports of 
the engineers show that of the 16 surface water supplies 
in the territory, seven were found to be experiencing 
considerable water shortage difficulties. The rest of the 
16 surface water supplies had troubles as an indirect 
effect of the drought, such as extreme hardness of the 
water coupled with unsatisfactory tastes imparted by 
stagnation and coincident decaying of organic and vege- 
table matter. Public water supplies derived from the 
Ohio River are particularly in the latter class, as having 
hardness and taste troubles. 

Public water supplies taken from ground-water sources 
in the drought area have been surprisingly free from 
shortage difficulties. A few are beginning to feel the 
lowered ground-water level effect and are contemplating 
the addition of deeper wells to take care of the immediate 
future. It is also probable that water shortage troubles 
in the ground water supplies will occur in the spring and 
early summer months unless copious rainfall takes place 
at a time when the ground is porous enough to permit 
percolation into the underground water resources. 

A study of rainfall data for 1930 and up to the middle 
of February, 1931, serves, in large measure, to explain 
why the surface water supplies have been affected. For 
example, the average annual rainfall for the Columbus 
area is 36 in.; generally speaking the distribution by 
months would be from 3 to 4 in. per month in the late 
winter and spring, and from 2 to 3 in. in the summer 
and fall seasons. As a matter of fact, the rainfall in 
1930 was 21 in. or a deficiency of 15 in. A search of 
the weather bureau records reveals that the previous low 
mark for annual rainfall was slightly more than 28 in. 
recorded in 1856. The shortage in rainfall thus shown 
for the Columbus area was even more pronounced in the 
southern and eastern portions of the state. The Columbus 
area received its normal amount of rainfall during the 
first three months of 1930; but thereafter the rainfall 
barely averaged 1 in. per month, including January, 1931, 
which showed less than 1 in. Grournd-water supplies 
therefore received their quota of percolation during the 
early months of 1930 and are in need of the quota of 
percolation for 1931. On the other hand, surface water 
supplies depend upon rainfall and run-off throughout 
the entire year, more or less. Since April 1, 1930, the 
run-off has been much under normal, and in some cases 
nil. 
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New Jersey Sewage Works Operators Meet in 
March.—The 16th annual meeting of the New Jersey 
Sewage Works Association will be held at the Hotel 
Hildebretch, Trenton, N. J., on Friday and Saturday, 
March 20 and 21. John R. Downes, Bound Brook, 
N. J., is secretary. 
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Notes from a Superintendent’s Report 


Extracts from the 1930 Annual Report of W. H. Lawrence, Superintendent Water 
Department of Kalispell, Mont. 


HE public, generally speaking, can see no reason 

why a hydrant should not be used in the same 

manner as any other device for drawing water, 
never thinking or caring what the result might be in 
case of a big fire, if a hydrant was found not in working 
condition when water was most needed. One of the 
most important functions performed by the water depart- 
ment is to furnish fire protection to property. This can 
never be accomplished in a satisfactory manner so long 
as fire hydrants are used for purposes other than what 
they were intended. 

The continued use of our fire hydrants by the street 
and sewer departments for various purposes not only 
means a great expense in maintenance, but, to a very 
large extent, places in jeopardy the fire protection for 
which the hydrants were installed. No manufacturer 
ever made or designed a fire hydrant that could be guar- 
anteed to meet the requirements for which it was in- 
tended, “FIRE ONLY.” These are concrete facts that 
no argument can undermine. 

Maintenance.—There are few industries which require 
greater care and more constant vigilance, on the part of 
its employes, than does the maintenance of a public water 
supply. 

To maintain an uninterrupted supply, it is necessary 
for the manager to build up an organization of trained 
men to carry out the various branches of the service. The 
public, generally speaking, so long as good service is at 
their disposal for domestic use and fire protection, give 
little thought ef the many problems that have to be 
considered to provide a constant supply. 

The work required under this head includes the main- 
tenance of all equipment at the pumping station, build- 
ings, reservoir, water mains, valves and hydrants; in 
fact, the upkeep of the entire system is governed largely 
by how well this branch of our work is performed. 

By far the largest item of expense under this head 
has been the care and maintenance of our fire hydrants. 

One of our new hydrants, at the intersection of Second 
Avenue West and Fourth Street, was found broken, 
necessitating replacement. We were not able to learn 
the cause. Several minor accidents by cars colliding with 
our hydrants have occurred, caused by careless or inex- 
perienced drivers. After the close of the sprinkling 
season, every hydrant was thoroughly inspected, repacked 
and put in good condition for the winter months. 

We are pleased to report that so far as our renewals 
have gone, no trouble has, or is expected to develop to 
our distributing mains. 

Rates——In our previous reports I have dwelt quite 
extensively on just and equitable rates, both to the con- 
sumer and to the water department. The total annual 
revenue should always be sufficient to take care of all 
fixed charges, otherwise the utility cannot function on a 
sound financial basis. A very important element is the 
value of the plant and the annual fund required for 
replacement, commonly called depreciation. 

The practice of determining rates by comparison with 
other cities, regardless of local conditions, is a false 
standard. The cost of service must be made the legal 





basis for rates. We call attention to these facts at this 
time, for the reason that we were requested to reduce our 
rates for garden and lawn use. Careful investigation 
shows that for every 1,000 gal. we sell for lawn and 
garden use at 10 ct. per 1,000 gal., is approximately one- 
half the actual cost of delivery, due to the fact that no 
revenue is received from the city for water used in irri- 
gating 24.5 miles of parking and flushing 18 miles of 
sewers, approximately 5,500 shade trees, water used for 
fire protection flooding Woodland Park for skating, 
flushing streets, and various other purposes for which 
water is used by the city. A careful analysis of our 
records show that, during the irrigating months, 55 per 
cent of our total pumpage is used by the city, for which 
no revenue is received. ' 


2 


— 
PAY IMEN! 




















Main Office, Kalispell Water Department 


Cheap water in the aggregate means that the depart- 
ment must receive a reasonable price for their entire 
output. Considering these factors, we feel that our rates 
are just, fair and reasonable, and are based upon the cost 
of the finished product, without regard in any way what- 
ever to the rates in vogue in any other city, whether 
higher or lower. 

Meters.—The installment of meters has not gone for- 
ward as rapidly as we expected. The time has arrived, 
however, when every service should be metered. We 
have not made the installment of meters compulsory in 
residences, as we much prefer that consumers would 
voluntarily get on a meter system for the saving they 
would derive. It is a great mistake to think of a meter 
as an instrument to restrict the use of water. It never 
did, and it never will, but it does restrict wilful waste. 
The basis of charge is determined by the quantity fur- 
nished, and we believe that is the only way—it is the 
basis on which merchandise is sold. 

The sale of water under the flat or fixture rate system 
is unjust, unbusiness like and detrimental to both pro- 
ducer and consumer, and against the interest of the 
property owner. The installment of a meter is a guaran- 
tee to every consumer of an abundant supply of water 
at a minimum cost on an equitable basis. In order to 
reach the 100 per cent mark, it would seem to devolve 
wholly on the water department to gradually make 
obsolete the flat rate system. 
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SEWAGE DISPOSAL WORKS 


A Section Dealing with Their Design, Construction and Operation 


Conducted by A. ELLIOTT KIMBERLY, Associate Editor 
Consulting Sanitary Engineer, Columbus, O. 






























Distributing Sewage on Coarse Grained Filters 


filters is usually effected in this country by nozzles, 

with fluctuating head control by tapered dosing 
tanks, or by mechanically operated butterfly valves. In 
England and in Canada, on the other hand, moving dis- 
tributors of different types appear to be preferred, al- 
though, of course, nozzles are in use at a number of im- 
portant plans. 

Within the past few years an increasing number of 
American sewage plants of fair size have been designed 
on the basis of distribution by moving distributors, or 
in other words, the settled sewage is sprinkled and not 
sprayed. The apparent increasing interest in the English 
type of percolating filter distribution prompts a discus- 
sion of distribution details in the modification of settled 
sewage by coarse grain filters, filter loadings and an in- 
quiry into the possibilities of the more general use of 
distributors under American conditions. 

Historical Aspects.—Initial studies at the Massachu- 
setts State Board of Health Experiment Station at 
Lawrence, Mass., were directed to determine methods 
of treating sewage on land and on filters constructed of 
sand, as a result of which the well known process of 
intermittent sand filtration was developed. About two 
years after the station was started, efforts were made to 
develop some process of sewage treatment which could 
utilize coarse grained material, such as gravel, stone, 
coke, coal, slag and the like, since in many sections 
natural sandy areas did not exist and filters constructed 
with shipped sand were expensive. In the 1890 special 
report of the studies at Lawrence, it was stated that the 
slow movement of sewage in thin films, over the surface 
of stones, with air in contact, caused a removal for some 
months of 97 per cent of the organic nitrogenous matter 
in the applied sewage, as well as 99 per cent of the 
bacteria. These results attracted widespread interest 
particularly in England, owing to the extremely high cost 
of sand in that country, and much experimenting im- 
mediately began with a view to the practical development 
of the idea. 

Efforts were particularly directed toward a practical 
method for distributing the sewage over the surface of 
the filter. The first sprinkling filter, which resulted from 
these studies was built by Corbet at Salford, England, 
in 1893, with distribution by spray nozzles, using rect- 
ingular areas. Shortly thereafter, Corbet developed, for 
circular areas, a distributor equipped with revolving 
irms, whereby the sewage was sprinkled over the filter- 
ing material, under a relatively low head. 

The inventive genius of the English continued to de- 
velop several types of distributors within the next few 
years, including revolving open troughs and the Fiddian 
distributor, which comprised simply an overshot water 
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wheel, pivoted at the center of a circular filter and carried 
at the periphery on a truck running on a track. Prac- 
tically all of these distributors were operated by the head 
of the sewage itself, on the principle of the Barker's 
mill. Later, one or two devices were designed for rect- 
angular areas and were actuated either by electric motors 
or by rope drive. 

In England, plants using these moving distributors 
which require circular or octagonal filters, are designed 
up to 120 ft. or more in diameter, in some cases for 
plants of very considerable size. 

In the United States, either because of the fear that 
the climate was too severe for the satisfactory operation 
of moving distributors or perhaps in these early days of 
unattended and built to be forgotten sewage treatment 
works, due to a conviction that mechanical devices would 
not be practical, or because of the waste space entailed 
with circular or octagonal filters, the application of the 
Lawrence idea has been almost entirely on the basis of 
rectangular areas using spray nozzle distribution. 

The first plant in this country was built in Madison, 
Wis., in 1901 but the filter differed from the modern 
type, in that the liquid was distributed below the surface 
to prevent freezing. The earliest American plants along 
modern lines are those at Atlanta, Ga.; Columbus, Ohio; 
Washington, Pa.; the Agricultural College of Minnesota ; 
and at Mt. Vernon, N. Y. Since 1901, trickling filters 
have been used as the oxidizing device, following some 
form of preliminary treatment in a large number of 
American sewage treatment plants and it seems surpris- 
ing that not until 15 years or more after this first filter 
using coarse grained material was built in the United 
States, did any American engineer depart from the ap- 
parently accepted practice and provide the low head type 
of distribution so successful in England. 

The first plants in the United States using moving dis- 
tributors was built by Potter at Springfield, Mo. The 
distributors operate over rectangular areas and are oper- 
ated by an outside source of power. A somewhat similar 
installation was designed in 1925 by Kimberly for 
Oberlin, O. 

One of the earliest American plants using revolving 
distributors on circular areas and operated entirely by 
the head of the sewage itself, was built in 1919 by Hub- 
bel, Hartgering and Roth, at Pontiac, Mich., for a 
population of 52,500. 

Distribution as Related to E fficiency—-Modern prac- 
tice and experience have demonstrated that the essential 
feature in trickling filter efficiency is a thin film of sew- 
age and the continuous presence of air within the filtering 
medium. Such were the basic essentials shown by the 
Lawrence tests, to be vital to insure efficient removal 
of organic matter and freedom from clogging. 
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To secure uniform distribution, over coarse material 
and the necessary thin film, the surfaces of some of the 
early filters were covered with relatively fine gravel. 
This expedient excluded the necessary air supply and led 
Waring to provide forced aeration. In the Hamburg 
filter, Dunbar, likewise used fine surface material to 
secure distribution, but not so fine as to necessitate 
artificial aeration. 

Neither of these types of filters came into general use, 
but they indicate an early appreciation of the importance 
of maximum distributional uniformity. Bearing in mind 
that the degree of completeness of the oxidation in a 
trickling filter depends upon a time factor; that is, that 
the organic matter must be exposed for a definite time 
to the bacteria and flora, on the filtering material, it is 
evident that the efficiency of a percolating filter is, to a 
considerable extent, a function of the average time re- 
quired for the applied sewage to pass through to the 
underdrains. It is well known, that the effluent from a 
percolating filter is a mixture of applied sewage, modified 
to a varying degree and hence it follows that under a 
given set of conditions, the degree of modification is a 
direct function of the uniformity of distribution and that 
under a continuously uniform rate of dosing, possible 
with moving sprinklers, there is less tendency for the 
effluent to contain appreciable quantities of raw influent, 
than is the case in nozzle distribution, where certain 
areas are unavoidably dosed at a rate considerably above 
the average. 

It might be assumed that the filtering material in a 
percolating filter would tend to cause considerable lateral 
movement of the applied sewage, but studies by a num- 
ber of observers have shown that such is not the case. 
On the contrary, the movement of the applied sewage, 
practically speaking, is directly downward to the under- 
drains and therefore surface distribution can alone be 
depended upon to produce the essential thin film. 

It is evident from the above discussion that the ideal 
method of distributing sewage over coarse grain filters, 
would be continuous drops, similar in effect to rainfall 
at a rate corresponding to any given rate of dosage. Such 
a condition cannot of course be obtained with dosing 
tanks and nozzles, but is more closely approximated by 
the different forms of moving distributors. 

Resting periods are most essential to maintain percolat- 
ing filters at maximum efficiency. Under nozzle distribu- 
tion, such effect is produced by the use of single or 
twin dosing tanks, by special regulating valves and also 
by the varying head on the nozzles themselves. In all 
forms of moving distributors, some time elapses between 
the application of the applied sewage to any given area 
and thus the necessary resting period is secured, although 
the filter as a whole, is operating on a continuous basis. 


It does not appear that the necessary oxygen supply ts 
significantly diminished by the use of moving distribu- 
tors, even though the influent under nozzle distribution 
generally contains more dissolved oxygen than when the 
sewage is applied by means of moving distributors. It 
will be recalled that a liter of air at 20° C. contains 
roughly 26 times as much oxygen as a liter of water 
saturated with oxygen at the same temperature. It there- 
fore follows, that the effective oxygen essential to the 
percolating filter is derived from the interstitial air car- 
ried down with the sewage or borne upward through the 
underdrains and not to an important extent, extracted 
from the oxygen dissolved in the applied sewage. This 
fact is apparently self evident when efficiencies of sprayed 
and sprinkled filters are compared under similar operat- 
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ing conditions as to loading and character and depth of 
filtering material, so that the greater oxygen supply in 
the sprayed influent appears actually inconsequential. 

Obviously, distribution plays a very essential and im- 
portant part in the successful operation of percolating 
filters. Current practice in this country is based upon 
nozzle distribution, admittedly varying considerably in 
intensity of unit area dosage. The method of dosage, 
moreover, necessitates deeper filters, that is, higher con- 
struction costs than would be entailed with a more uni- 
form distribution. More uniform distribution increases 
the average time of passage through the filter and mark- 
edly reduces the percentage of but slightly modified in- 
fluent which, under current American design, the filter 
must discount. It would appear therefore, that for equal 
depths and for similar conditions as to size and character 
of filtering material and character of sewage, sprinkled 
coarse grain filters can sustain a higher population load 
per acre-ft. than possible with filters on a dosing tank 
nozzle basis. 

Filter Loadings—Accepted loading schedules refer of 
course to distribution by spray nozzles, in fact, except 
for very small plants, only the spraying nozzle or the 
sprinkling distributor can receive serious consideration 
with respect to influent distribution on coarse grained 
filters. The tipping trough-tray combinations, the splash 
arrangements developed during the tests made some years 
ago at the Massachusetts Institute of Technology are 
however useful and are in successful operation at the 
small school house, institutional, or country club instal- 
lations. 

For average conditions under nozzle distribution, 
acre-ft. loadings, in terms of population, average from 
about 1850 to 4000. The New York State Department 
of Health, specifies a loading not in excess of 300,000 
gal. per day per acre-ft. or 3000 persons. Current prac- 
tice is perhaps indicated by data from Ohio plants, built 
during the past 5 years, and shown in Table I. The 
strength of the sewage is doubtless reflected in the varia- 
tions in loading. 

The recommended basis of design of filters using 
rotary distributors under average American conditions 
is a rate of 2.0 mgad. On the basis of sewage flow at 
the rate of 100 gal. per capita per day, the above rate 
corresponds to a population load on a 6-ft. filter of 3,333 
persons per acre-ft. For sprinkled units and average 
domestic sewage, the 2.0 mgad rate appears conservative 
and under the tiniform distribution, which moving distrib- 
utors afford, it may be possible to increase this rate to 
at least 2.5 mgad. 

The requirements of the Local Government Board in 
England for the treatment of settled sewage, are ex- 
pressed in Imperial gallons per cubic yard of filtering 
material and are varied with respect to so called strong, 
medium and weak sewage and for coarse and fine mate- 


Table I—Representative Ohio Trickling Filter Plant Data(*) 


Date of Pop. per Depth 
Initial Service Acre—ft. (ft.) 
December 1928 1860 10 
December 1928 2860 10 
July 1928 2580 6 
1926 2870 


Flow 
City 
Akron 
Alliance 
Amherst 
Canton 
Cleveland 
(southerly ) 1927 
Delaware 1927 
Fostoria 1928 and 1929 
Marion 
New 
Lexington 1929 : 
Oxford December 1928 3.92 
(*) Courtesy of Ohio Department of Health. 


4000 
3000 
2540 
2850 


2930 
3200 
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jal, respectively. Thus, for strong, medium and weak 
sewage, for coarse material, the respective rates are 54, 
84 and 120 gal. (U.S.) per cubic yard, or at the rate of 
about 1.0 mgad, for weak sewage. Under American 
conditions, with from 2 to 3 times as much flow per 
capita, it is apparent that a rate of 2.0 mgad at least, is 
fully justified. 

Advantages of Sprinkling Distributors—One of the 
vreat advantages of moving distributors, as against fixed 
nozzles, is the marked saving in head. Distributors, have 
been operated under heads as low as 12 inches and are 
ordinarily operated under a loss of head of about 18 
inches. Another decided advantage, is the reduced risk 
of nuisance from odors, incident to the spraying of the 
sewage into the air. In fact, according to Raikes*, mov- 
able distributors were adopted, owing to the great diffi- 
culty of securing truly uniform distribution over the 
whole area of large filters, without creating a nuisance. 
It was furthermore believed that the distribution problem 
would be much simplified through the use of a movable 
distributor, which would travel over the surface of the 
filter, discharging the sewage at a rate proportional to the 
area covered, without the necessity of flooding the sur- 
face or spraying the sewage into the air. As to methods 
of distribution in general, to quote Raikes, 

“Fixed Pipes and Sprays are most useful where the 
absence of smell is not essential, and where the head is 
sufficient to make each jet cover a considerable area. 

“Automatic Rotary Distributors are employed where 
circular filters can be used with sufficient head to make 
the distributor work satisfactory, and when it is desirable 
to avoid spraying the sewage near populous districts. 

“Power Driven Distributors are advantageous when it 
is desired to use rectangular filters or when fall is in- 
sufficient for distributors to work automatically under all 
conditions of the wind, etc., while at the same time afford- 
ing the means of perfect control as regards both the rate 
and uniformity of distribution, as well as the interval of 
time between each dose.” 

It is not the purpose to discuss the design of the differ- 
ent types of distributors which may be obtained in this 
country for the operation of coarse grained filters, but 
rather to suggest that there are doubtless many cases at 
newly projected works, or at plants which must be en- 
larged or modernized, where the use of moving distribu- 
tors will eliminate pumping, a very important item with 
respect to operating costs. Actuated by the head of the 
sewage, the cost of operation is small and by the inclu- 
sion in the distributor design of a small syphon chamber, 
it is possible to provide for the small night flow, which, 
per unit filter, might not be sufficient to operate the 
distributor. 

Experiences at Pontiac, Mich., during the last 12 years 
and in Canada with winter temperature as low at -40° 
., have shown that no operating difficulties are experi- 
enced with unhoused traveling distributors even under 
severe winter weather conditions. In this age of mechan- 
ized and properly supervised sewage treatment plants, the 
care and attention required by the simple machinery of 
he traveling distributor appears to offer no increased 
difficulties. Certainly the attention entailed is far less 
than that necessary at nozzle plants, to remove obstruc- 
ions from nozzle orifices. 

Not only is there less chance for aerial nuisance, by the 
ise of revolving distributors, but since the entire area ot 
he filter is wetted, there are no dry areas and according 
‘) experiences at some plants, there is less likelihood of 
he development of the troublesome sewage fly, Psychoda. 

*Sewage Disposal Works, by Hugh P. Raikes. 
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It is furthermore, possible that a critical study of operat- 
ing data, from sprinkled filters will show that the more 
uniform distribution will actually permit a revision in 
generally accepted filter loadings, a development which 
will bring about lower per capita costs where coarse 
grained filters constitute the oxidizing devices. 

The cost of a typical distributor for a 100-ft. diameter 
filter, capacity about 350,000 gal. per day, erected at 
points east of the Mississippi River is about $3000 per 
unit. It is understood that several plants, using these 
devices, have been built within recent years and that 
others are projected for construction within the near 
future. It is not believed that the climate in this country 
prohibits their use on uncovered filters and since the 
question of operation under cold weather conditions, 
perhaps more than the mechanical features involved 
seems to have prevented the earlier use of these devices 
in this country, it would now appear, that the American 
engineer can advantageously, where conditions warrant, 
give serious thought to the low head of sewage distribu- 
tor, which for so many years has given excellent results 
in England and in Canada. 


Separate Sludge Digestion 


To the Editor: Mr. H. F. Ferguson, the Trustee of 
the Springfield Sanitary District, Springfield, IIl., has 
very kindly called my attention to certain inaccuracies in 
portions of my paper entitled “Separate Sludge Diges- 
tion” appearing in your November 1930 issue. The fig- 
ures given in this article, relating to the operation of the 
Springfield plant were received from what appeared to 
be a reliable source but, in view of Mr. Ferguson’s re- 
marks and in fairness to him, I would like to have the 
proper figures brought to your attention. 

The population tributary to the Springfield sewage 
works is 67,000. The flow to the plant during the month 
of August, 1930 was 8.1 m.g.d., but the average flow in 
January, 1931 was only 6.6 m.g.d. on account of dry 
weather. The production of gas is now averaging 54,000 
cu. tt. per day even during the period of freezing weather, 
which corresponds to a production of 0.82 cu. ft. of gas 
per capita and 11,400 cu. ft. of gas per million gallons 
of sewage treated. 

The data given in this letter have been secured direct 
from Mr. Ferguson and accordingly are representative of 
conditions existing at this plant at the present time. The 
data given in my article in the November issue, were 
secured during the months of June and July. 

KX. B. Besselierve. 
New York, N. Y. 

TEXAS SANITARIANS Scnoot To Be Hetp in No- 
VEMBER.—Dates for the Ninth Texas Sanitarians’ Short 
School have been designated for Nov. 9-14, inclusive, at 
Houston, Texas. Dr. H. Kk. Read, President of the 
Texas Public Health Association; Dr. Allen C. Hutche- 
son, Director of the School; C. F. Browning, General 
Chairman, and E. G. Eggert, Secretary. 
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Cost oF CLEANING CATCHBASINS AT Boston.—Catch- 
basin cleaning at Boston, Mass., is done by contract. Dur- 
ing 1929 8,384 catchbasins and 128 drop inlets were 
cleaned. The total cubic yards of material removed was 
30,132 and the average cost per basin, including drop 
inlets, was $6.27. The average yardage removed per 
basin was 3,539 cu. yd., and the average cost per cubic 
vard was $1.77. 
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Diesel Engines As Applied to Water Works 


Service 


Diesel Engine Has Established Itself in Water-Works Field—Illustrations of Diesel Econ- 


omies—Charts and Tables—Future Expansion in. Use of Diesel Seems Assured 


By R. D. HALL 
Manager Water-Works Sales, Worthington Pump & Machinery Corp. 


Works Association, held in Boston in June, 1923, 

Dr. Charles E. Lucke presented a paper on the 
application of internal combustion engines to water- 
works service, in which he said the oil-engine-driven 
water-works pump represents a new era in water-works 
practice, and added: “The application of the Diesel en- 
gine necessarily leads into a different rule of practice 
than is proper for steam; i.¢., the use of a multiplicity 
of small units in the place of concentrating into units of 
the largest possible size.” This practice is feasible, since 
the economy of the small Diesel engine is also equal to 
that of the largest sizes. 

In comparing Diesel plants with steam-driven plants 
it should also be borne in mind that the Diesel engine 
is a self-contained power plant, which prepares its own 
working fluid from the original fuel, and parallels the 
functions of a combined steam generating and power 
developing plant. 

The oil industry was among the first to take full 
advantage of the Diesel engine for driving reciprocating 
oil line pumps. That service is most severe, and contin- 
uous for 24 hours per day, 365 days per year. 

There can be no question that the Diesel engine in 
water-works service is here to stay. Its simplicity, reli- 
ability and flexibility, as well as its high economy have 
been fully established. 

The increasing field for Diesel engines is described in 
an article in Power for April 15, 1930, which says, “The 
outstanding feature of the recent Aircraft Show was 
the Packard radial airplane Diesel.” 


]) wes a meeting of the New England Water 


Uses of Diesel——For use in water-works service, the 
Diesel engine is suitable for direct connection to— 

1. Reciprocating geared power pumps. 

2. Screw pumps for low heads. 

3. Electric generators for use in driving motor-driven 
pumps. 

4. A combination of electric generator and power 
pump. 

It is also suitable for connection through speed in- 
creasing gears, to centrifugal pumps for customary 
pressures for water supply, and in the smaller sizes for 
driving pumps and other auxiliaries through belts. 

The Diesel Engine Manufacturers’ Association has 
furnished me with three lists containing upwards of 100 
Diesel-engine-driven plants chiefly in the United States 
containing some 200 Diesel engines. The association 
states that these lists are not complete, and cover only 
those installations which are easily obtainable in the 
record. These lists include : 

Group 1—lWater-Works Plants Using Diesel Engines: 
Number of plants 
Number of Diesel engines 
PR I oon ee eee cence wn ewer 150 


The pumps are divided as follows: 


Type of Pumps— Per Cent 
Centrifugal 66 
Displacement 


All displacement pumps listed are direct-connected to 
their drivers. The oil-engine speeds are reduced to suit- 
able pump speeds by gears forming part of the unit. 

The centrifugal pump drives are divided as follows: 

Type— Per Cent 
Step-up gears 30 
DEL Ktdbdedkewneededeneceeesenennenerene’eeddeseebhadis 39 
Belts 

Group 2-——Water and Electric Plants Using Diesel Engines: 


MN IN NR 8 cgi gsncaveecauar braid be aioe seineib amine Bema 30 
Number of Diesel engines 74 
I Ce 6 ic acrreriticnreseeieiGuaenenseesens 470 
Group 3—Miscellaneous Water-Pumping Plants Using 
Diesel Engines 

Number of plants 

NE i I 5 oo a'y ais cco aims Si ate Ge ete Ra oa 34 
IE I IN aoa wir ialnaucaiace sien wale mele ola a eects 215 


The average engine horsepowers shown in these three 
tabulations indicate the present trend of unit sizes, and 
confirm the conclusions of several recent writers on 
this subject, that the field best served by the Diesel- 
engine water-works pumping units lies in plants of mod- 
erate size, where the Diesel drive provides higher fuel 
economies than are available in steam-driven units of 
approximately the same horsepowers, as well as a flatter 
fuel-con.umption curve at partial engine speeds, than 
is produced by steam driven prime movers. 

Diesel Economies.—Diesel-engine fuel economies are 
usually guaranteed on a basis of full speed; and full, 
three-quarter, and half-/oad, which is another way of 
saying full speed; and full, three-quarter, and _half- 
torque. On the other hand it is not generally known that 
the fuel economy remains very nearly at the full-load 
value for full torque; for full, three-quarter and half- 
speed, 

To make the illustration simple, let us assume a 1,000- 
hp. Diesel engine with a full speed of 100 r.pm. The 
fuel economy at full load and 100 r.p.m. might be 0.41 
lb. per b.hp.-hr., whereas the fuel economy at 750 hp. 
and 500 hp., both at 100 r.p.m., might be 0.43 and 0.49, 
respectively. However, at 750 hp. and 75 r.p.m., the 
fuel economy would be practically 0.41, while it might 
go up to 0.42 at 500 hp. and 50 r.p.m. In water-works 
pumping, where we have a Diesel engine direct-con- 
nected through step-up gearing to a centrifugal pump, 
we have neither constant speed nor constant torque, but 
a combination of the two. For instance, we might have 
92 per cent speed and 75 per cent of torque, which 
would be 69 per cent of full load. The fuel economy of 
the Diesel engine should be taken from the full-load 
speed-variable torque-fuel curve at the 75 per cent point, 
and not at the 69 per cent point. 

A similar situation, favoring Diesel plants, exists in 
communities where the rates charged for purchased 
electric power are not competitive with Diesel power. 








QE a eT 





March, 1931 


Combinations of Diesel-engine-driven pumping and 
power-generating units can often be used to advantage 
in municipal plants, following the practice which has 
gained favor in steam-turbine-driven units, of combin- 
ing an electric generator and water-pumping unit on the 
same shaft. Other combinations are equally feasible. 

Two examples are: 


1. A combined oil-engine-driven generator and pump- 
ing unit consisting of a 400-b.hp. vertical Diesel engine 
driving a 270-kw. generator with extended shaft con- 
nected to a 3,200-g.p.m. horizontal power pump for 
water-works service, in the Sioux Falls, S. D., water 
works. 

A 600-hp. vertical Diesel engine driving an alternating 
current generator and an air compressor from the same 
shaft. The compressed air is used for an air-lift plant, 
and the electric current operates motor-driven centrif- 
ugal pumps. This unit is installed in the plant of the 
water department of the city of Cleburne, Tex. 

Centrifugal pumps suitable for Diesel-engine drive 
have efficiencies from 70 to 88 per cent at the design 
point, though there are some performance records 
reaching 90 per cent pump efficiency. 

As this range is broad, the head and speed ranges 
with their corresponding efficiencies, are given in the 
following table: 


Pump Efficiency 


TYPE Head Range, Range, Per 
Ft. Cent 
NE EEOC 40-100 78-86 
ORT REET OOO CR Pe 100-200 75-88 
Two single-stage in series........... 200-400 70-88 
TE ng aictanca ramet nee Above 400 Wide variation 


The classification above assumes the minimum size of 
Diesel engine to be 40-50 b.hp., which determines the 
minimum pump capacity, corresponding to the head, and 
pump efficiency which apply. Maximum pump capacity 
available in the first three head ranges is 75 m.g.d. 

Pumping Systems.—Pumping systems can be classi- 
fied according to their head characteristics. We have five 
classes. 


1. Constant static head with no friction head. 
2. Varying static head with no friction head. 


lig. 1—Worthington 600-H p. 17x25-In. Vertical Diesel Engine Driving Air Compressor and Alternating-Current Generators, 
Cleburne, Tex., Water Works. 





4. Varying static head with friction head. 

4. Varying static head with friction head. 

5. All friction head. 

A constant-speed centrifugal pump will give only one 
capacity at a given head. 

Thus for system classes 1, 3 and 5, the delivery for a 
fixed pump speed will be a constant, and cannot be varied 
except by creating an artificial head, such as by throttling 
a gate valve on the discharge line. This creates a loss 
of head, and is inefficient. 


For system classes 2 and 4, an increase in static head 
with a fixed pump speed causes a reduction in capacity. 

In all cases the highest net efficiencies at partial ca- 
pacities can be obtained only by variations in the pump 
speeds. With motor drive, variable speed means elec- 
trical losses in the control, which reduce the overall effi- 
ciency otherwise obtainable. 


Each water-works pumping installation must be ana- 
lyzed as an individual case. However, the two prime 
movers best suited for most efficient variable-speed oper- 
ation, over a reasonable range, are the steam turbine 
and the Diesel engine. The installations of tubo-centrif- 
ugal pumping units are many, and the operating charac- 
teristics are well known. The number of Diesel centrifu- 
gal pumping units in service is not at present as great, 
and the operating characteristics at partial capacities are 
less generally known, so a study of such a unit is of 
interest. 

A Typical Installation—For our example we have 
taken a unit for a maximum capacity of 15 m.g.d., oper- 
ating against a total head of 200 ft., and assumed that 
the head remains constant throughout the capacity range. 
This typical installation would be suitable as a high- 
service unit taking water from a filtered water basin, 
and discharging into the city mains on which a 
constant pressure at the pumping station is maintained. 
As the pump would run at a higher speed than the en- 
gine, step-up gears would be used. A 2% per cent gear 
loss is included in the power required. The maximum 
operating range is assumed to be 50 to 100 per cent of 
rated capacity. 

The operating characteristics of the several elements 
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of such a unit are shown on the accompanying chart, 
Fig. 2. From this chart it is seen that the Diesel cen- 
trifugal unit has a low and relatively flat fuel consump- 
tion per water horsepower from 75 to 100 per cent of 
the 15-m.g.d. rated capacity. The total fuel consumption 
at 75 per cent capacity is 79 per cent of the total fuel 
consumption at 100 per cent capacity, while at 50 per 
cent capacity the total fuel consumption is 65.8 per cent 
of that at 100 per cent capacity. 


TasLe I—AverRAGE OPERATING RESULTS FROM 27 DiksEL PLANTS 
The tabulation includes 67 vertical Diesel engines of various 
standard makes installed in 27 plants, including 5 semi-Diesel 
2-cycle units. Of the full Diesels, 23 are also 2-cycle. The units 
range in size from 75 to 2,250 b.-hp., representing an average 
size of 530 b.-hp. Rated capacities of the plants are from 315 
to 4,500 b.-hp. The listing represents an aggregate of 36,565 
engine b.-hp. The average report covers a period of 1 year. 


17 Plants All 27 Plants 


1. Aggregate engine b.hp. reported... 23,780 35,565 
2. Rated hp.-hr. reported, per year.... 128,421,450 ~—...... 
3. Average equivalent operating time, 
OE EE, Siocon ccuneccwataniaie se 5,400 
4. Average running capacity, factor, 
POUR 5 0 art. ary aicrena pas nu sea ma ha 73.5 
5. Gross kw.-hr. produced ........... 63,382,145 75,395,250 
6. Total fuel oil consumed, gal....... = ...... 7,136,806 
7. Total lubricating oil used, gal...... 43,780 57,978 
8. Average gross kw.-hr. per gal. fuel —........ 10.57 
9. Average gross kw.-hr. per gal. lubri- 
EIN 5k Base hiss ca wranta ack aha aero 1,445 1,300 
10. Average rated b.hp.-hr. per gal. lu- 
EON oe ag ad Seg bie atl Ce -  keg 
11. Average cost cf fuel oil (at 5 ct. a gal.) per 
8 ry ear a ere een ee nee $ 0.00473 
12. Average cost of lubricating oil (at 50 ct. a gal.) 
MO CUE BPE vier evcnencanedesdeebieadeas 0.00038 
13. Average cost of fuel oil plus lubricating oil 
PI Ee MOP BAD cackscns eres cemesacan acne 0.00511 
14. Equivalent cost of fuel oil per engine b.hp.-hr.. 0.00318 
15. Equivalent cost of lubricating oil per engine 
NAMES: Gidachvevsatwersn cap demi eesaneneeies 0.00062 
16. Equivalent cost of fuel oil plus lubricating oil 
CRU ON BE BOD idee ovawiaviwetenbawancoune 0.00344 
17. Equivalent cost of fuel oil and lubricating oil 
per useful hp., motor-driven centrifugal pumps 
COS DRMCNEOETE caecapesacussenowsceucreas 0.00526 
18. Equivalent cost of fuel oil and lubricating oil 
per useful hp., gear-driven centrifugal pumps 
COR SON PEFED scccaxcscesinoctestenaeees 0.00437 
19. Repairs and supplies per useful hp., motor- 
driven centrifugal pumps ...........-..eeee8. 2 0.00120 
20. Repairs and supplies per useful hp., gear-driven 
ID I og ince ian sp cared cm emeresianes 0.00100 
21. Normal b.hp. per man per shift............... 2,000.00000 
* 0.654 0.95 (aux.) & 0.90 (gen.) & 0.90 (motor) & 0.85 (pump). 
T 0.787 0.95 (aux.) & 0.975 (gear X 0.85 (pump). 
Tarte LI—Averace OrreratinG Costs or STEAM, ELECTRIC AND 


DigsEL WaATER-WorKS PLANTS, COMMUNITY WATER SERVICE Co., 
Montu or May, 1929* 


Steam Purchased Power Diesel 
Type of pumping unit.......... crank- motor- 
and- driven geared 
flywheel centrifugal centrifugal 
Pumpage, m.g.d. (24 hr.)...... 8.17 2.35 2.88 
Average total head, ft.......... 316 341 307 
Average water hp. ............ 452 140 155 
Efficiency (wire to water), per 
reg a ach ches 71.2 
Cost of coal, electric current or 
DUNHOEE issaoiwxcweueeancee ae $3.33 per $0.0125 per 6.7 ct. 
2,000 Ib. kw.-hr.  per-gal. 
Operating cost per million ft.-lb., 
including labor, supplies and 
MIN wii Scarpa moar adie orcas $0.00818 $0.0063 $0.00515 
Equivalent operating cost per 
Water DRABE. ch ccmescnccsads 0.0162 0.0125 0.0102 


* Data taken from article by A. D. Couch, mechanical engineer, Community Water 
Service Co., 
1929, ° 


published in Hydraulic Engineering, December, 1929. 
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Horse Powers -C 


7 6 9 10 l2 3 14 35 


y 
Pumpage in Million Gallons Per 24 Hours at 200Ft TOR 


7 3 9 0 uw 2 3 M15 
Pumpage in Million Gallons Per 24 How rs-at 200FRTOH. 
Fig. 2—Operating Characteristics of 7.5 to 15.0-M.G.D. Diesel- 
Centrifugal Pumping Unit 


In applying any type of equipment to a pumping 
problem, consideration must be given to the maximum 
and minimum capacity requirements, and units of suit- 
able capacities should be selected to give the most 
economical operation. 

Assume a station of 45-m.g.d rated capacity, and a 


Per BHP Per Hour 


Pounds of Fuel Oil To Diesel 
S 
8 


Duty-1000 8.7.U. Per Useful Horse Power Per Hour - Fuel Oil 19000 BTL Per Pound 


Fig. 3—Duty in B.T.U. per Useful Hp. Output—Diesel-Engine 


Driven Units 

normal capacity of 35 m.g.d., with a night pumpage of 
approximately 22 m.g.d. For such a station three 
15-m.g.d. units would be suitable for the rated capacity 
of 45 m.g.d. Two units would be operated for pumping 
rates between 22 and 30 m.g.d., and three units for 
capacities between 30 and 45 m.g.d. In a station having 
these requirements, at least one spare 15-m.g.d. unit 
should be available. 


= 
tn 
< 


‘= 
DH 
oe 


s 
w 
N 


250 


S 
& 


x 
3 
z 
s 
¢ 
aX 
z 
Cay 
x 
¢ 
8 
sS 
S 
& 248 
aS 
gS 
2 
> 
Ss 
_ 
so 
& 
SS 
s 
8 
é 





C- Cost in Mills Per Useful Horse Power Per Hour -Using Fuel Oil at 5 Cents Per Gal.of 75 Lbs. 

Fig. 4—Cost in Mills per Useful Hp. Output—Diesel-Engine 
Driven Units 

Charts——The accompanying charts, Fig. 3 and Fig. 4, 

showing b.t.u. consumption and fuel costs per useful 
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horsepower-hour, are helpful in studies of Diesel-engine- 
jriven units. 

If the overall efficiency of the driven unit, and the 
fuel consumption of the Diesel engine driver are known, 
these charts give the corresponding fuel rates and fuel 
costs. The fuel-cost chart is made up on a basis of fuel 
il at 5 cts. per gal. with a correction factor on each side 
1f this base price. 

For example, assume an overall efficiency of the 
driven unit of 82.5 per cent and a fuel-oil consumption 
of 0.45 lb. per b.h.p.-hr. The charts give for these con- 
ditions a “duty” of 10,350 b.t.u. per useful hp.-hr., and 
a fuel-oil cost at 5 ct. per gal. of 3.65 mills per useful 
ip.-hr. The conditions taken in this illustration of the 
use of the two tables, are indicated on each of the two 
charts. 

A. S. M. E. Tabulation—To meet possible comments 
that the illustrations given in the foregoing and the 
charts referred to, are largely theoretical with no estab- 
lished basis, the following figures are presented from 
the A. S. M. E. report on oil-engine power costs read at 
Penn State College in June, 1929. The report covers 
27 plants, including 67 vertical engines, direct-connected 
to electric generators. In Table I the results for the 27 
plants are given, and also for 17 plants, the reason for 
the division being that 17 of the plants reported the 
number of engine-hours operated, whereas 10 did not. 
Inasmuch as the load factor and lubricating oil per rated 
horsepower-hour cannot be figured without the engine 
operating hours, the data on the 17 plants are given to 
arrive at these figures. While the engines listed drive 
electric generators, the performance is also applicable 
in general to water-works plants. Items 14-20 have been 
calculated from the report to make the data applicable 
to water-works pumping units. 

If we assume that all 27 plants are operating at about 
three-quarter load at full speed, we can say that at this 
condition a fair average is 10.57 kw.-hr. per gal. of fuel 
oil, which would correspond to 0.464 lb. of fuel oil per 
engine b.hp.-hr., or, in the case of a Diesel engine driv- 
ing a centrifugal pump with 85 per cent efficiency 
through a gearing which might be 97% per cent efficient, 
to 0.560 Ib. of fuel oil per water hp.-hr. The engine 
which would no doubt be specified for the condition on 
Fig. 2 would be rated at not less than 700 b.hp. The 
condition at 11,000,000 g.p.d. on Fig. 2 is arrived at 
94 per cent of full speed and 470 engine hp., which 
would correspond to 71% per cent full-load torque. It 
will be noted that for this condition the curve gives 
0.545 lb. of fuel per water hp. per hr. It would indi- 
cate that the results shown by Fig. 2 should be repre- 
sentative of what is obtained the year around. —— 

Interesting comparative actual operating costs, ob- 
tained by the Community Water Service Co., New York, 
N. Y., are given in Table II. 

The present development of the Diesel engine applied 
to water-works service, and the future expansion in its 
lise seems assured, cannot help but command attention. 

Acknowledgment.—The foregoing is an abstract of a 
paper presented at the St. Louis convention of the 
\merican Water Works Association. 
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MicHIGAN SUPERINTENDENTS Form AssocIATION.— 
Superintendents of water works in the southern section 
‘{ Michigan have organized the Southern Michigan As- 

ciation of Water Works Superintendents. The purpose 
' the organization will be to hold periodical round table 
‘iscussions upon water works practices in that section. 


Abandonment and Plugging of Wells 


In certain areas the proper abandonment and_ plug- 
ging of wells may have an important bearing on the 
procurement of ground-water supplies for domestic use. 
State and Federal laws now require that oil and gas 
wells be properly plugged before abandonment and that 
the waters encountered by such wells be confined to the 
original strata in which they occur. The oil industry 
as a whole is primarily interested in the proper protec- 
tion of oil and gas sands, but the water works man is 
chiefly interested in the protection of potable sources of 
ground-water supply, and he should therefore be in- 
formed, at least in a general way, regarding proper 
methods of plugging and abandoning wells. The fol- 
lowing notes on this subject are taken from a paper 
presented by A. G. Fiedler, Hydraulic Engineer, U. S. 
Geological Survey, at the recent Water Works School 
at Lawrence, Kan.: 

Before undertaking to plug a well it is necessary that 
a complete study of the well be made, so that the work 
may be conducted with a view toward obtaining the pos- 
sible results. Each well must be considered as a separate 
problem, for no two wells present identical features, and 
the procedure must be varied accordingly. 

The most effective materials for plugging are mud- 
laden fluid and cement, and under some conditions these 
are the only materials that will afford proper protection. 
A well should always be plugged from the bottom rather 
than bridge above the bottom in an endeavor to shorten 
the job. To prevent the entrance of possible bottom 
water a cement plug should preferably be set at the bot- 
tom. A minimum of ten sacks of cement should be used, 
and this may be dumped with the dump bailer. If water 
under artesian pressure enters from the bottom of the 
hole, it is first necessary to arrest the movement of the 
water, otherwise the cement will not set and form an im- 
pervious seal. The artesian movement may be prevented 
by placing a plug of lathe turnings, lead wool, or pieces 
of cable that have been burned to draw the temper. This 
material may be lowered into the well in tin canisters 
and then solidly tamped in place by a blunt tool. After 
the movement of the water has been stopped the cement 
plug can be placed in the usual manner. 


In order to insure that all oil, gas, and water sands 
are confined to their original horizons, mud-laden fluid 
is circulated in the hole under pressure, after which the 
hole may be filled an additional distance with cement to 
a level above the uppermost sand. Under some conditions 
it may be desirable to “shoot” the hole and then circulate 
mud fluid before placing additional cement plugs. After 
all sands that require protection have been sealed off, 
the hole may be filled with sand, gravel, broken brick, 
or any other material that is available, and a cement 
cap of not less than ten sacks is placed on it. 


It is evident that no set procedure can be followed, for 
each well requires special treatment to attain satisfactory 
results. The same methods that are used in plugging oil 
and gas wells may be used in plugging abandoned water 
wells to prevent contamination of the water-bearing 
strata, or to shut out strata containing highly mineralized 
water that may be encountered below strata containing 
water of good quality. 
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ILttNo1s WATER WorKS MEN MEET IN Aprit.—The 
annual convention of the Illinois Section of the American 
Water Works Assoication will be held April 28-29 at the 
Ilinois Hotel, Bloomington, II. 
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Politics and Water Works Management 


By F. M. RANDLETT 


San Francisco, Calif. 


HERE is no intention to belittle or ignore the 
work of elected officials who are giving of their 
best to improve and perfect the management of 
plants under their control. Those who are working for 
the best interests of their system know it, and need sup- 
port rather than criticism. On the other hand, there 


are some water works men, both employes and manag- 
ers, who are striving in every way to run their business 
as a business should be conducted and are encountering 
obstacles of every kind, largely due to the influence for 
political expediency rather than business efficiency; and 
these men deserve every assistance and encouragement. 


Actual Costs and Water Rates—As far as mu- 
nicipally owned plants are concerned, it is seldom that 
we find the total cost of water service fully represented 
in the rates paid by the consumer. To illustrate, some 
municipal plants assess the cost of the distributing mains 
to abutting property, or interest and principal on bonds 
used for construction purposes are sometimes required 
to be paid from tax receipts instead of money received 
from the sale of water. Sometimes the revenues from 
water sold are turned into a general fund and used 
for purposes in no way connected with the water supply. 
On the other hand, we find public uses of water for 
parks, schools, street flushing, and fire protection are 
not charged to the respective departments or credited 
to water revenues. Flat rates are becoming less com- 
mon, but still exist in many places for no good reason. 
Such practices, together with exemption from taxes on 
securities and property, tend to distort and confuse the 
real facts as to cost of service, and affect the tax rate 
or water rates, or both, in any community. 


We have heard and continue to hear considerable 
from political parties and politicians as to lifting the 
tax burden and conserving our natural resources for the 
benefit of the people. Water is one of these natural re- 
sources and generally no charge is made for the water 
itself as a commodity, but the cost of collection and de- 
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livery must be paid from some source and a scientific 
rate schedule is undoubtedly the proper method for 
defraying such costs. 


When the municipal government goes into business, 
we are pretty apt to find the cost of doing such business 
rather difficult to determine. In only one or two states 
are municipal utilities obliged to keep their accounts in 
accordance with the State Public Service Commission 
rules, or are their charges for service subject to revision 
by such commission. Hence we find local politics mak- 
ing use of such utilities for its particular benefit. 


Separate Fund Desirable—All money from the sale 
of water should, of course, be used in the same manner, 
whether the plant is municipally owned or privately 
owned; and the more important uses might be listed as 
follows: Operating costs, maintenance costs, insurance, 
taxes, interest, sinking fund, and surplus. And right 
here it is well to call attention to the fact that money 
received from such service should go into a separate 
fund, or accounts should be so kept that money so re- 
ceived will be available for the purposes above men- 
tioned. Many municipally owned utilities ignore many 
of these items: Taxes of any kind are almost never 
paid and no account of their amount is kept; interest 
and sometimes the principal on securities is paid from 
tax funds; and too many times no provision is made 
for a sinking fund to retire outstanding bonds. Insur- 
ance many times is not carried at all, nor any provision 
made for the unusual liabilities that the average cor- 
porations has to consider. A surplus fund, if carried, is 
often abused and the money which should be held for 
unforeseen contingencies and extraordinary main- 
tenance is diverted to other purposes with which the 
water utility is in no way concerned. 

The Water Works Employes.—Civil service for city 
employes is almost universal with the municipally 
owned utilities, and for the purpose for which it was 
deemed necessary, it is right and proper. This purpose, 


The 6,000,000 Gal. Reservoir of the Water Department of Port Angeles, Wash. 
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however, was to prevent elective officials from employ- 
ng incompetent persons, but it was never intended to 
‘eep them there regardless of efficiency and value. In 

0 many instances when some official takes upon him- 
self the duty of preferring charges against some sub- 
yrdinate, the hearing often results in the official being 
placed on trial, rather than the simple granting of an 
employe the right to state his side of the story. 

There is another feature generally contained in many 
city charters to the effect that all employes must be 
residents of the city. Just why this is a necessary quali- 
fication for any employe is not evident, unless the votes 
of such employes are valuable to somebody. It would 
seem that any employe who is qualified for his work 
and is efficient and receives a salary which supposedly 
is full recompense for his service, could live how and 
where he chooses, so long as he is respectable and law 
abiding, and it should not become the business of any 
elective official. 

Form of Control.—Where public ownership exists, a 
careful examination of the various forms of control 
would seem to indicate that the nearer we can come to 
the organization of the successful business corporation, 
the better. The best form of control is probably a mat- 
ter of opinion; but there are some boards or commis- 
sions generally appointed with overlapping terms of 
office which employ efficient management and supervise 
such management successfully. Where the ordinary 
elected legislative body is in charge, there is no appar- 
ent successful answer to the problem and we will prob- 
ably continue to read and hear of investigations that 
are supposed to expose some criminal act of the office 
boy or other employe, when quite often those investi- 
gated should be the investigators. 

The American public is peculiar in what it desires 
and seeks good service and is generally willing and able 
to pay for it. Note the patronage of our excess fare 
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trains, air transports, expensive hotel accommodations, 
high priced amusement seats, and the numerous uses 
of luxuries. When service or quality is poor, the public 
seeks a substitute that will satisfy them. Hence they 
buy bottled drinking water at two hundred times the 
cost of tap water and often times when it is not neces- 
sary, but simply because they believe it to be better. 
If the supply is insufficient or the service poor, the 
movement starts for a change in officials or program 
that will remedy the defect. This gives the politician 
the opening he most desires and the results would some- 
times be funny if they were not so serious. 


Poor Service Due to Politics —It is seldom that we 
have serious public agitation in such matters where ex- 
perienced and unhampered water works management 
has been able to have its recommendations seriously 
considered by a competent board or commission. The 
history of recall elections and dissatisfaction of the 
public at large has seldom been occasioned by the actions 
or recommendations of competent water works officials 
or employees, but can generally be traced to poor service 
of one kind or another brought about by one or more 
political factions, each seeking the voters’ favor by prom- 
ises that are often impossible or impractical to fulfill. 


In too many instances bond elections carry or fail 
for political reasons, rather than because the true facts 
of the situation had been definitely and explicity set 
forth. It would generally be far better and certainly 
cheaper if the management or the disinterested con- 
sultant had published the facts and recommendations in 
the place of some person or persons seeking an elective 
office and broadcasting the information as original with 
him, her or them. 


Advantages of the Appointive Board—Water works 
improvements and extensions should be made as mu- 
nicipal growth requires and should be budgeted and 
programmed by experts and not delayed or advanced 


for political purposes. With the appointive board or 
commission, competent water works managements will 
have little difficulty in having their program approved if 
it has been wisely and economically thought out and 
proper preliminary investigations made setting forth the 
reasons for the desired changes or improvements. 


With such an appointive board, there would never be 
any objections nor would it probably be necessary to 
have embodied in the charter a clause making it com- 
pulsory to set aside a sinking fund based on an actuarial 
basis, also a compulsory rate making clause to the effect 
that rates must be fixed at the beginning of each fiscal 
year to provide sufficient money to pay the operating 
and maintenance costs, interest, and sinking fund re- 
quirements for all outstanding obligations, and all other 
legitimate costs pertaining to the proper operation of a 
water works system. The ordinary elective board or 
commission generally objects to such clauses because 
they eliminate the possibility of juggling rates for po- 
litical reasons and using funds for purposes that may 
appear popular at the moment but vitally affect the 
efficiency of the most essential utility in the community. 


It is possible to continue with illustrations and quota- 
tions, with which most of you are familiar, that will 
give you arguments for and against political control of 
our municipally owned utilities, but it does seem from 
a fair analysis by disinterested authorities that the better 
and most efficient management occurs when such man- 
agement is not controlled or influenced by politics but is 
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allowed to build, operate and maintain the water works 
system with ordinary business sense for the benefit of its 
customers who are in reality the stockholders as well. 

Acknowledgment.—The foregoing is an abstract of a 
paper presented at the recent convention of the Cali- 
fornia Section of the American Water Works Asso- 
ciation. 
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A New Method of Garbage Disposal 
By P. E. WHITE 


Early in the summer of 1923, Dr. C. R. Fox, City 
Chemist, and Mr. William S. Davis, City Engineer, of 
Lebanon, Pa., noticed that the sewage arriving at the 
treatment plant contained some garbage, including canta- 
loupe and watermelon rinds, and that the material floated 
on the surface of the Imhoff tanks. If it were not re- 
moved by scoops, then the floating garbage putrefied and 
gave off offensive odors. 

They believed that by separating the garbage into 
finely divided particles before it entered the tank, the 
particles would settle and putrefy. Therefore, an experi- 
mental plant for grinding the garbage was built. The 
shredded material was passed through an iron chute into 
the supply channel of one of the Imhoff tanks. The finely 
ground garbage immediately settled and entered the 
sludge chamber of the tank. The most important prob- 
lem was solved. However, there were still many ques- 
tions to be answered. “Would it cause an increase in 
the amount of sludge?” “Would it affect the drying and 
the fertilizing value of the sludge?” ‘Would the action 
of the tank be harmfully affected?” To answer these 
questions a nine months experiment was started. 

During this experiment the garbage was ground by 
an old lime crusher (a No. 7 shell mill designed for 
grinding clamshells or dry clay.) This crusher con- 
sisted of a roll and fixed jaw, the roll having projections 
and recesses so as to give a shredding effect. The hopper 
had a 14x14-in. opening at the top and a 4x6-in. opening 
at the bottom. It was approximately 15 in. deep. The 
roller was 2% in. in diameter. With one man feeding 
the mill, garbage would pass through at the rate of 500 
lb. in 15 minutes or a ton an hour. The roll of the 
crusher was kept from clogging by a ™%-in. stream of 
water from a garden hose passed into the hopper with 
the garbage. About 4000 Ibs. of garbage were run 
through this grinder daily. This is about one-sixth of the 
garbage produced daily by a city of 25,000 people, and 
hence the East tank of No. 2 Imhoff tank was used, 
which constituted about one-sixth of the Imhoff capacity 
at that time. 

Assuming that the amount of garbage from a city of 
25,000 is 10 to 12 tons daily of which from 75 to 80 
per cent is water, and that the volume of sewage treated 
at the disposal plant is some 2 m.g.d. or about 8000 tons 
daily of which about 0.2 per cent is solids, it can be seen 
that the addition of the garbage does not materially affect 
the total matter flawing into the Imhoff tank. Of course, 
the water must be separated from the garbage, and this is 
done very quickly when the garbage is ground. Fully 
75 per cent of the water in the garbage is released when 
the garbage is reduced to small particles. 

After nine months experiment the questions which 
were raised at the beginning of the period were very 
easily answered. 

1. The amount of sludge was not materially in- 
creased, a change of less than 0.1 of 1 per cent being 
noted by actual measurements taken of the tank. 
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2. The drying period of the sludge was not length- 
ened. Nor was the fertilizing value of the dried sludge 
affected as shown by chemical analyses which were run 
during the progress of the experiment. 

3. The action of the tank was not harmfully affected, 
but, in fact it was improved, there being less foaming 
than when the tank was working under ordinary condi- 
tions. 

The plant for a city of 25,000 for the disposal of all 
the garbage can be housed in a building 40x40 ft. in 
plan, with a concrete floor. The hopper of the grinder 
should be level with the floor so the garbage truck can 
be dumped directly into the hopper. For a grinder a 
bone mill with a nominal capacity of 20 tons a day, run 
by a 20-hp. motor . This whole plant can be easily 
operated by one man. 

The process was patented by Dr. Fox and Mr. Davis 
on June 23, 1925. Just recently the patent rights have 
been purchased by A. A. White, Inc., Lebanon, Pa. 
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Notes on Protective Coatings for 


Steel Water Tanks 


Protective coatings for the inside of steel water tanks 
are classified, in a committee report of the American 
Railway Building and Bridge Association, as follows: 

1. Paints using linseed oil as a vehicle and various 
materials for pigment and dryers. 

2. Asphaltic and coal-tar paints in liquid form. 

3. Asphaltic and coal-tar mastics applied hot. 

4. Petroleum-jelly compounds, usually containing 
some rust-inhibitive such as chromium salts. 

5. Emulsified asphalts. 

6. Portland-cement grout. 


The following formula has been recommended for a 
quick-drying red-lead paint: 100 lb. red lead in oil, 1% 
gal. boiled linseed oil, 3 pt. turpentine, 2 pt. liquid dryer. 
When the paint is ready to apply, add 2 lb. of finely 
powdered litharge to every gallon of paint. Allow at 
least one week between the priming and second coats 
and 48 hr. between the second and third coats, and be- 
tween the third coat and immersion. 

Approximately three years has been indicated as the 
period that a good coating of linseed-oil paint can be 
expected to provide protection against pitting and cor- 
rosion. Linseed-oil paint is valueless as a_ protective 
coating in washout tanks on account of the usual quality 
and temperature of the water, and is of very little use 
in treated-water storage tanks where caustic alkalinity 
would affect it. 

Asphaltic and coal-tar paints do not require as long 
to dry and therefore do not require the tank to be held 
out of service as long as when linseed-oil paints are used. 

Mastics are usually applied hot over a priming coat of 
asphaltic paint and range from 1% to % in. in thickness. 
They are extremely difficult to apply and for that reason 
cost considerably more than red-lead paint. However, 
they indicate a better protection and longer life. 

Petroleum compounds with proper inhibitors are com- 
paratively easy to apply and in many cases afford very 
satisfactory protection. 

Emulsified asphalts have been used to some extent, 
but have not proved entirely satisfactory. 

Portland-cement grout has been used to some extent 
and as a rule has proved very satisfactory, being of spe- 
cial value in the case of treating and boiler-washing 
tanks. One grout mixture is made up as follows: 1% 
parts by volume portland cement, 1 part by volume very 
fine sand, water to form a thick cream. 
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... EDITORIALS... 


Let Us Give Publicity to the Need 
of Public Works Expenditures 


66 HE Wagner bill’ provided for a Federal Em- 

ployment Stabilization Board composed of four 
cabinet officers whose function it would be so to time fed- 
eral construction expenditures as to provide work on a 
large scale when private industry is slack. This bill met 
with quite general approval by newspaper editors, an ap- 
proval that would have been somewhat less enthusiastic 
had the editors been more familiar with construction 
statistics. 

The income of the American people has averaged 
about 100 billions annually. The total expenditures for 
construction, public and private, have never exceeded 
10 per cent of the annual income, and of this total only 
about one-third is classed as public works. Hence public 
works expenditures normally constitute less than 4 per 
cent of the income of our people. During “hard times’”’ 
this income declines about 15 per cent. Therefore public 
works would have to be increased about four-fold to take 
up the slack due to the depression. By dint of consider- 
able effort public works expenditures in 1931 will be in- 
creased about 15 per cent over those in a normal year, 
which is a far cry from the 400 per cent increase that 
would be necessary to offset the general slump in 
business. 

No further argument is necessary to make it evident 
that a complete cure for hard times is not to be found 
along the lines of the Wagner bill. That bill is praise- 
worthy in that it will serve to set a good example. It is, 
however, merely one move in the right direction, and the 
sooner that it is generally seen to be that and little more, 
the sooner will other steps be taken to reduce the violence 
of the swings in the business cycle. 


We whose interests lie largely in the field of public 
works should join in every effort to increase expenditures 
for public works wherever such works are justifiable. 
Our highways are still very far from ideal. Our domestic 
water supplies are often miserable in quality and not 
always sufficient in quantity, as the recent drought has 
shown. Our sewage is, for the most part, still dumped un- 
treated into rivers and lakes. Our public parks are as a 
rule inadequately provided with golf links, tennis courts 
and other recreational devices. For these and many other 
kinds of public works there is a vast potential demand 
that can be developed into actual demand, but unfortu- 
nately there is lack of adequate effort to develop it. 

Advertising is not ordinarily used in creating a demand 
for public works, so the most economic means of develop- 
ing demand lies almost unused in this field. We trust 
that we shall be pardoned if, for ourselves and other 
editors of periodicals that serve the public works fields, 
we claim that the magazines in these fields have been 
the most potent means of increasing the demand for 
public works. Our subscribers furnish us with data 
which we make public, relative to construction economics 
including construction needs. Facts and arguments thus 
published find their way into the annual reports of city, 
county and state engineers and commissions, and thence 
into the newspapers. Federal and state aid for highways, 
for example, started in a very small way, and for a long 


time the only persistent advocates of it in the publishing 
field were the editors of “Roads and Streets.” The same 
was true of the gasoline tax. 

The universal metering of water long received, and 
still receives, no persisting support from any publications 
except those serving the waterworks field. The same 
holds true as to the chlorination of water. In this last 
named campaign the editors of periodicals in the civil 
engineering field have been united from the start, and 
have so effectively aided in the spread of knowledge 
about chlorine treatment of city water that typhoid fever 
is almost a thing of the past in American cities. The 
power of educational publicity through specialized peri- 
odicals was never so well demonstrated as in the cam- 
paign against typhoid fever. 

It will be seen that while we advocate increasing public 
works during “hard times,” we are opposed to decreasing 
public works during “good times.”’ On the contrary, we 
believe that public works expenditures have always 
lagged behind the economic needs of our people, largely 
because so little organized and persisting effort has ever 
been made to show the public the nature and extent of 
those needs. “Good roads clubs” form about the only 
examples of persisting effort to persuade the public to 
increase its expenditures for public works, aside from 
the efforts of periodicals that specialize in public works. 

If we are to play our part in the campaign against 
future hard times, we shall be effective in proportion as 
we arouse the public to the need of greater annual expen- 
ditures for public works. 


A Plan For Financing lmprove- 
ments in Water Works and 
Sewerage Systems 


O LONG as public approval by ballot is required be- 

fore a public works project can be undertaken, just so 
long will there be inadequate progress in public works. 
The reasons for this are not far to seek. Voters can not 
ordinarily analyze enonomic date correctly even when the 
data are all in their possession. They rarely attempt to se- 
cure the facts upon which alone a correct decision can be 
based. Consequently they must either guess or rely upon 
the advice of others. The advice that they receive is main- 
ly that given by the editors of daily papers, and in the 
resolutions of chambers of commerce, or the like. But 
those advisers, in turn, are usually acting upon advice 
where they are not merely guessing. The result is often a 
feeling of uncertainty as to the wisdom of a bond issue, 
and where uncertainty exists the result is apt to be a vote 
against the issue. Add to this the natural aversion to in- 
curring debt, and you have abundant reason why water- 
works and sewerage systems so frequently are inadequate 
or otherwise behind the real needs of the public. 

This was the condition that existed as to our roads 
until quite recently; but with the advent of the gasoline 
tax a remarkable change occurred. For the ‘first time 
in highway history, large sums of money were made 
available for roadwork without the repeated issuing of 
road bonds, and therefore without frequent balloting. 
The results have been so conspicuous and so satisfactory 
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in the way of highway improvement, that we are led to 
ask whether similar results are not securable for other 
sorts of public works. 

There are two noteworthy features about the gasoline 
tax, namely, (1) that it is paid by each person in such 
small sums that it is not burdensome, and (2) that it is 
equitably distributed. Moreover it is less a tax than a 
charge for the use of the highways. If a similar way of 
raising capital for waterworks and sewer system addi- 
tions and betterments were devised, it would surely be 
equally welcome and equally effective. 

In the charge for water there exists a close analogy to 
the charge for the use of the highways that is made 
when gasoline is taxed. Therefore we need but make a 
slightly larger charge for water than now exists, in order 
to provide funds with which ordinary expansion and 
improvement of waterworks may be cared for. There 
would still remain the problem of financing improve- 
ments in sewerage systems. Since water supply is so 
closely affiliated with the disposal of the waters carrying 
waste products—the sewage—it seems to follow that the 
two systems should be treated financially as one system 
wherever the city owns the waterworks. This could easily 
be brought about, and the charge for water would then 
include not merely the cost of treatment and delivery of 
potable water to the consumer but the cost of disposal 
of it along with the wastes that it carries. 

In this way there would automatically flow into the 
city treasury sums of money adequate to take care of the 
ordinary growth of its entire hydraulic system—water- 
works and sewerage. The public would then be con- 
cerned only in securing competent men to handle the 
funds thus raised. 


Whirling “Water Spouts” Pro- 
duced in a Laboratory 
Experiment 


p JHN M. CAGE, research engineer of the Pan Amer- 
ican Petroleum Company, recently made an experiment 
that should make him famous. He made miniature whirl- 
ing “water spouts” in a small tank of crude oil by means 
of electrostatic forces. The fluid whirls thus produced ar- 
tificially are so closely similar to the “water spouts” pro- 
duced by nature as to indicate that the latter are also 
generated by electric forces. Obviously it follows that 
the whirls in the air that cause “water spouts’ are 
electrodynamic phenomena. 

Many editorial articles in ““WateR Works AND SEwW- 
ERAGE” have contained data supporting an electrody- 
namic theory of weather cycles, but Cage’s experiment 
is the first laboratory test that gives visual evidence of 
the truth of the editor’s theory. 

The following description of the Cage experiment is 
based upon an article by Ransom Sutton, Science Editor 
of The Los Angeles Times. 

A 3-ft. shallow wooden tank containing crude oil is 
connected with the grounded pole of an electric (‘‘in- 
fluence”) machine by means of a metal plate in the cen- 
ter of the tank and a wire to the machine. The other 
pole of the machine is connected by a wire to a 3-inch 
metal ball above the center of the oil tank. Upon op- 
erating the machine and lowering the ball to within a 
few inches of the oil surface, tiny whirlpools develop in 
the oil beneath the ball, and as they move outward from 
the center they rise like miniature water spouts. ‘The 
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base of the water spout was about 1 in. in diameter, and 
the column of (whirling) oil stood about 4 in. high; 
but, presently, the top of the (oil) spout broke off and 
formed a sphere ¥% in. diameter, which described a 
perfect orbit around the (3-in.) ball, the radius of the 
orbit being about 8.5 in. The plane of the orbit was 
almost horizontal, but the orbit widened into a spiral 
path, until at length the ball (of oil) flew out of its or- 
bit altogether, and lit near the grounded pole of the 
electric machine.” 

As far back as 1821 Faraday showed that a wire carry- 
ing an electric current will revolve around a magnet if 
the wire is free to move. In 1832 Ritchie “caused water 
(carrying a current) to revolve around a magnet as a 
wire carrying the current would revolve.” Later it was 
found that if a current is passed through mercury, the 
mercury will revolve around the electrodes when the 
pole of a strong magnet is placed beneath the mercury. 
It is therefore to be inferred from Cage’s recent experi- 
ment that electrons leak from the ball through the air 
to the plate beneath the petroleum, thus causing an elec- 
tric current. The high potential evidently renders it 
unnecessary to provide a magnet, as in the mercury 
experiment, where a battery was used. The high potential 
in the Cage experiment results in such violent whirls in 
the petroleum that they become miniature “water spouts.” 
If the current were reversed, “whirl pools” would prob- 
ably result. 

We predict that the air as well as the oil in the Cages 
experiment will be found to rotate, forming miniature 
cyclonic whirls. 

A very significant feature of this experiment is the 
development of an orbitally moving drop of oil. We 
predict that these drops will be found to be rotating 
axially as well as revolving orbitally, thus furnishing a 
close analog to the rotating planets that revolve about 
the sun. 

The Mt. Wilson astronomers recently found that Nep- 
tune rotates axially in 15 hr. 48 min. This is exactly 
three times the rotative period of the tiny planet Eros. 
This striking ratio would alone point strongly toward a 
common cause of the axial rotation of Neptune and 
Eros. There are many other significant approximations 
to harmony of periods of axial rotation of planets, as 
indicated in the following table: 


Axial 
Period 
2 m. 
. 16 m. 
12 m. 


Approximate 
Planet Ratio 


Eunomia 


1 
5/3 

2 
. 47 m. 3 
. 40 m. 3 


Tercidina 
Sirona 
Saturn 
Neptune 
Earth 


. 30 m. 10/3 
. 48 m. 5 
. 56 m. 8 


The rotative periods of Jupiter and Uranus differ lit- 
tle from that of Saturn; and that of Mars differs little 
from the Earth’s. The axial periods of Mercury and 
Venus are unknown. A _ probability calculation indi- 
cates that it is very improbable that the approximations 
to exact harmonies in the last column are accidental. 
The Newtonian gravitational theory furnishes no clue 
to such harmonies, but an electric theory does. 

It has been argued that the angular momentum of 
the planets is so vastly greater than that of the sun, that 
it could not have been derived from the sun (Russell's 
Astronomy, p. 463.) The Cage experiment apparently 
renders that argument invalid. 
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New Equipment and Materials 


Rapid Method of Expelling 


Sewer Gas 


A quick and efficient method of over- 
coming the hazards of manhole work by 
expelling accumulation of carbon monox- 
ide gas which has been employed by the 
street department of the City of New York 
is found in the Coppus Vano blower shown 
in the illustration. 

This is a light weight blower, and it is 
stated that by its use a job that formerly 
required one-half hour or more to expel 
the gas is now accomplished in approxi- 
mately five minutes’ time. 
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Blower for Expelling Sewer Gas 


The equipment itself is a propeller type 
blower of unique design and construction. 
One of the outstanding features is the 
application of stationary guide vanes of 
peculiar design beyond the propeller. The 
air current leaving the propeller is radially 
subdivided by the individual guide vane 
blades and taken up by them without shock. 
The guide vane blades, which have a curv- 
ature increasing in the direction of rotation 
of the propeller, concentrate the air current 
and give it a further acceleration inside of 
the stationary guide vanes so that a con- 
siderable part of the pressure is produced 
in the latter. A large part of the end 
thrust is thus taken up by the stationary 
guide vane casing. The air streams, into 
which the flow of air has been subdivided 
hy the guide vane blades, leave the guide 
ane casing, on account of the kinetic en- 
ergy, slightly rotating and convergent to- 
ward the axis so that the smallest section 

f the air flow is reached beyond the guide 

ane casing. This in actual operation is 
‘tated to make the Vano blower extremely 
ficient for use with hose extension as em- 
loyed in sewer work. 

Another advantage found in the employ- 


ment of this equipment is its light weight 
and portability; weighing less than 100 Ib., 
it can be quickly set up and placed in op- 
eration by one man. Attachment for the 
electric current is made at any convenient 
outlet. 

The blower is a product of the Coppus 
Engineering Corporation, Worcester, Mass. 


W & T Chloro Scale Records 
Flow by Loss of Weight 
in Cylinders 


Responsibility for proper chlorination is 
every day becoming heavier in water works 
and sewage plant practice. Permanent rec- 
ords of chlorination, automatically taken, 
are indispensable to correct and efficient 
operation. 


W & T Chloro Scale 


The W & T Chloro Scale automatically 
provides charted records of chlorine flow 
that are valuable to the water works op- 
erator in the event of law suit. In addition, 
the scale establishes itself as a valuable 
tool in future studies of plant operation 
and stimulates accuracy of control on the 
part of plant superintendents at all times. 

The W & T Chloro Scale is a recording 
loss of weight chlorine scale which records 
the rate flow as well as indicating the 
amount of chlorine fed over any given 
period of time. It is furnished to meet any 
requirements up to and including 5,000 Ibs. 
This range adequately services the smaller 
plant using one cylinder of chlorine at a 
time or the large plant using batteries of 
eight or ten cylinders—or ton containers. 

The complete Chloro scale is carefully 
finished in an attractive duco gray. 


Technical Publication No. 78 of the 
Wallace & Tiernan Co., Inc., Newark, 
N. J., gives specifications and tells how the 
Chloro Scale operates. Copies may be had 
by writing the company. 
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New Tractor Crane Unit 


The Hughes-Keenan Roustabout crane, 
which is manufactured by the Hughes- 
Keenan Co., Mansfield, O., has been adapt- 
ed to the Model GU Trackson Allis- 
Chalmers Industrial crawler tractor. This 
combination provides a compact, flexible, 
and easily operated crane unit. 

Both the crawler unit and the crane are 
sturdily constructed and designed for 
heavy duty. The Model GU Trackson 
Crawler was built to meet the needs of 
industrial users, and is especially suited 
to the operation of auxiliary equipment 
like the Hughes-Keenan Roustabout crane. 
This crawler has the open design and wide 
clearances which are necessary for the in- 
building of such attachments. 

The boom of the Hughes-Keenan crane 
is full-revolving, swinging in all directions 
through a complete circle, on a ball-bearing 
turntable, and it is effective at all points 
because the counterweight box is mounted 
on the turntable. The boom can be raised 
or lowered by power, and the load can also 
be lifted or lowered without ‘moving the 
boom. The load is raised by a cable which 
is wrapped on a drum and which is inde- 


Hughes-Keenan Roustabout on Model GU 
Trackson Allis-Chalmers Crawler Tractor 


pendent of the cables that hold the boom 
in place. 

Another important advantage of this 
equipment is the fact that the crane does 
not interfere with the use of the crawler 
tractor for drawbar operations, and there- 
fore the outfit is really an all-purpose 
power unit. 
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Spiral Welded Pipe 

A spiral welded pipe is the latest devel- 
opment of the American Rolling Mill Co., 
Middletown, O. In the fabrication of this 
pipe long coils of iron or steel strip are 
placed in a decoiling device on one end of 
the pipe machine, which is one compact 
self-contained production unit. There the 
coil is unwound and flattened. Then it 
proceeds through the forming rolls and is 
welded. The spiral seam is produced by 
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feeding the strip into the machine at an 
angle of approximately 45 degrees. The 
great length of the coils or metal elimi- 
nates the necessity for frequently stopping 
the machine to add new stock. A cut-off 
mechanism synchronized with the speed of 
the welded pipe assures accurately gaged 
lengths. 

The pipe is manufactured in jointless 
lengths up to 40 ft. and can be supplied 
in sizes ranging from 6 in. to 24 in. in 
diameter, in any wall thickness from 12 
gage to % or % in. It can be furnished 
with any type of coating desired—mill 
coat, asphalt inside or out, or galvanized. 

A modern pipe manufacturing plant has 
been established in Armco’s Central Works 
at Middletown, O. 


Wallace & Tiernan 
Ammoniator 


The increasing use of the chlorine am- 
monia process for the prevention of phenol 
and certain organic tastes and odors in 
water supplies is being given extensive in- 
vestigation today. 

Recognizing the for and 


need accurate 
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W & T Ammoniator 

dependable control apparatus, Wallace & 
Tiernan, Newark, N. J., have developed 
the MDPA and MDWA _ ammoniators. 
This apparatus embodies all the experience 
they have gained in 17 years association 
with gas control; it follows very closely 
the design of their direct feed chlorinators, 
though certain modifications and changes 
have been necessary to adopt this apparatus 
to the feeding of ammonia gas. 

The MDPA ammoniator is a self-con- 
tained unit and can be installed anywhere. 
The WDWA ammoniator is made in two 
forms, one for mounting on the wall at 
a place convenient to the point of appli- 
cation, the other is adaptable for mount- 
ing on the standard Wallace & Tiernan 
Type MDP or MSP chlorinators. 

The apparatus is rugged, well construct- 
ed and handsomely finished. It is guar- 
anteed to accuracy of 4 per cent. 


New Machine for Installing 
Pipe Under Roads 


A boring machine for installing pipe 
under railroads, highways, and streets has 
been placed on the market by the Young 
Engine Co., Canton, O. This machine is 
fundamentally a horizontal rotary drill, 


using the pipe or casing that is to be in- 
stalled and which remains in the ground 
when the job is completed as the medium 
for carrying the rotating cutter head. 

In operation the boring machine is 
placed in the ditch and the power unit is 
set up on the bank at the side. Power is 
transmitted by means of an adjustable 


Young Road Crossing Boring Machine in 
Operation 


drive shaft with universal joints to the 
upper sprocket of a chain and sprocket 
drive on the boring machine, which can 
be set at the desired height. This sys- 
tem of power transmission is flexible and 
adjustable to all operating conditions. 

The pipe or casing to be installed is 
bolted to the rotating hollow driving 
sleeve by means of the 8-13%-in. forged 
steel pipe flanges. A suitable cutter head 
is attached (usually welded) on the for- 
ward end of the casing. 

The rotating hollow sleeve is forced for- 
ward by jacks and the rotating power is 
applied to it by means of a worm gear re- 
duction. The combined rotating and for- 
ward motion of this sleeve forces the pipe 
into the embankment. Dirt is removed 
through the hollow sleeve by means of a 
spoon attached to a long pipe handle, or by 


water, where conditions are favorable. 
— 


New pH Equipment—The 
Slide Comparator 


As a result of their long and varied ex- 
perience with pH control equipment and 
methods, W. A. Taylor & Co., 870 Linden 
Ave., Baltimore, Md., has developed the 
new slide comparator. 

The slide comparator consists of two 
principal parts, the slide and the base. The 
slide is a Bakelite case 10 in. long, 234 in. 
high and 5 in. thick. It contains 17 ver- 
tical holes and 17 horizontal slots which 
pass through the exact centers of the soles. 
In these holes. are placed the 9 color stand- 
ards for any given indicator and 8 am- 
poules of distilled water. All these 
ampoules are held in place by a lid which 
is screwed on the top of the slide. 

The base consists of -.wo parts. The 
lower part contains a slot in which the 
slide may be moved back and forth, two 
holes containing vials of indicator solution, 
five holes containing test tubes, and a 
closed compartment for a ground glass 
plate. Vertical slots run through the three 
central holes in the base holding the test 
tubes, these slots corresponding exactly 
with any three of the slots in the slide. 
The ground glass is contained in a closed 
compartment directly behind the three slots 
in the base. The upper part of the base 
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serves as a cover for the vials and test 
tubes when the set is not in use. It is fas- 
tened to the lower part by means of spring 
catches. 

In making determinations, the top is re- 
moved from the base, three of the test 
tubes are filled to the mark (5 cc.) with 
the sample to be tested and placed in the 
three holes back of the slots in the base. 
To the central tube 0.5 cc. of the indicator 
solution is added by means of the pipette 
and nipple and the contents are thoroughly 
mixed. The slide containing the color 
standards is now placed in position on the 
base and, holding the instrument toward a 
window or other source of daylight, the 
slide is moved back and forth in front of 
the test samples until a color match is ob- 
tained. The pH is then read off directly 
from the values on the front of the slide. 

Being molded from Bakelite the slide 
comparator is unaffected by water, acids 
or alkalis. It therefore will not warp or 
come apart. Molding also gives it a ma- 
chined precision that is impossible with 
wood or sheet metal. 

Since the color standards are enclosed 
in a Bakelite case, there are no loose 
standards to be inserted and removed in 
making pH _ determinations. Thus all 
chance of loss or breakage is eliminated. 
All color standards and test tubes are 11.5 
mm. outside diameter. This small equip- 
ment makes the set small and compact and 
therefore readily portable. Of far greater 
practical importance, however, is the fact 
that the resulting thinness of layer of ma- 
terial being tested enables one to make 
accurate determinations on far more highly 
colored and turbid materials, without dilu- 
tion. 

The fact that determinations are made 
simply by sliding the color standards in 
front of the test sample until a color match 








New Slide Comparator 


is obtained makes the operation of the set 
extremely simple so that it is possible to 
teach a workman to use the set accurately 
with a few minutes instructions. 

Slide comparators are supplied to cover 
the pH range 0.2-13.6. Each comparator 
covers a range of 1.6 pH units, the stand- 
ards being in intervals of 0.2 pH. 


The long range slide comparator was de- 
signed to meet the need of those workers 
who require a portable set covering a wide 
pH range. This set is made in five models 
(T-3, T-4, T-5, T-6 and T-7) to cover the 
range of any 3, 4, 5, 6 or 7 indicators, re- 
spectively, between the limits of pH 0.2 
and 13.6, the number after T indicating 
the number of indicators included in the 
set. 

Each long range slide comparator con- 
tains one complete slide comparator; 2 to 6 
extra color standard slides; vials of the 
corresponding indicator solutions, with 
pipettes and nipples; and a supply of 5 cc. 
test tubes. This equipment is contained in 
a portable case 11 in. long, 9% in. wide 
and 4% in. high. 
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American Rolling Mill Adds 


Two New Departments 

According to a recent announcement the 
\merican Rolling Mill Company of Mid- 
dletown, Ohio, has organized a pipe manu- 
facturing department for the production of 
spiral welded pipe and certain other factory 
products. C. C. Clarke has been named as 
superintendent of this department. 


~ R.C. Beam 


Another department to be known as the 
Sales division of the Spiral Welded Pipe 
Department has been formed to direct 
Armco’s activities in the pipe field. R. C. 
Beam has been made manager of this de- 
partment and H. M. Ives will be his 
assistant. 

Mr. Beam has followed the development 
of spiral welded pipe in the Armco factory 
very closely for the past year and is well 
qualified to direct the new department. 


American Chemical Society 
Names C. L. Reese Chair- 


man of Board 
Dr. Charles L. Reese, director and con- 
sulting chemical engineer of E. I. DuPont 


de Nemours & Company, Wilmington, 
Delaware, has been elected chairman of 
the reorganized board of directors of the 
American Chemical Society, according to 
recent announcement. 

The society, which has a membership of 
18,000 members and an annual budget of 
approximately $600,000, authorized changes 
in the constitution to increase the number 
of directors from ten to fourteen. The 
four new members are chosen at large on 
the basis of business ability and experience, 
it being recognized, according to the an- 
nouncement, that a close community of in- 
terest exists between science and business. 


The new executive committee, consists 
of Dr. Reese and the following officers of 
the society: Prof. Moses Gomberg, Uni- 
versity of Michigan, president; Dr. L. V. 
Redman, vice-president and research di- 
rector of the Bakelite Corporation, Bloom- 
held, N. J., president elect; Dr. Charles L. 


Parsons, Washington, D. C., secretary; 
Dr. John E. Teeple, New York, treasurer. 


On the finance committee are: Dr. Tee- 
ple, chairman; Dr. F. J. Metzger, vice- 
president and director of research and de- 
velopment department, Air Reduction Cor- 
poration, New York; Dr. F. G. Zinsser, 
president, Zinsser and Company, Hastings- 
on-Hudson, New York. 


Dr. Reese was born in Baltimore, No- 
vember 4, 1862. He was graduated from 
the University of Virginia in 1884, and 
received the doctor’s degree from Heidel- 
berg in 1886. The honorary degree of 
science was conferred upon him by the 
University of Pennsylvania and by Colgate 
in 1919. 

He has been a member of the faculties 
of Johns Hopkins University and Lake 
l-orest College. He has been chief chemist 
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of the New Jersey Zinc Company and of 
the Eastern Dynamite Company, and from 
1906 to 1911 he was in charge of the 
chemical division of the high explosive 
operating department of the DuPont Com- 
pany and chemical director of DuPont 
from 1911 to 1924. 


Dr. Reese is a member of many scienti- 
fic organizations here and abroad, as well 
as of the National Industrial Conference 
Board, the Advisory Board of the Chem- 
ical Warfare Service, and the Alcohol 
Trades Advisory Commission. 

— 

Chain Belt Company of Milwaukee an- 
nounces the following personnel changes: 
Mr. Smallshaw, formerly in charge of St. 
Louis now in charge at Cleveland; Thomas 
Cocker, nranager of Cleveland office has 
been transferred to Buffalo, and Frank 
Gary has been transferred from Buffalo 
to St. Louis. 


Baiting the Tourist — 
A Cletrac Goes Road Building in Austria 





How One Distributor 
Displays Equipment 


Not long ago Superior Supply Company, 
that well known firm of distributors of all 
types of equipment for road and building 
construction and sewerage and _ water 
works, held a party for their contractor 
friends. 

Good fellowship was the keynote for it 
was a real party with musical entertain- 
ment, refreshments “and everything”, but, 
of course, a complete line of equipment 
was on display and that is why the story 
is still interesting although the party 1s 
over. 

John Schniedwind, the engineer respon- 
sible for the arrangement of the machinery 
had a different idea than simply to group 
together all the pumps in one place, and 
all the engines in another, and one type of 
building material in one corner of the 
building with the equipment to be used 
with it far removed. No, Mr. Schnied- 
wind’s plan took into consideration that if 
a contractor or engineer specialized in 
work for water and sewer service he would 
like to see grouped together all sorts of 
cquipment needed to complete a job. And, 
that is the way Superior Supply displayed 
their wares. 

The equipment did not look just the way 
it would after a hard day’s work, for it 
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Mark Kaplan, Sales Manager 
Superior Supply Co. 


was all polished up for a party and draped 
about with flags and bunting, but, never- 
theless, if you were interested in “Sewers 
and Water” you could just walk down a 
lane and examine the large excavating 
buckets, the floodlights, trench braces and 
pipe jacks, saw rigs, mortar mixers for the 
big brick sewers, well points, header line, 
hose and plunger pump, manhole forms 
and block-and-tackle and everything else 
needed by the contractor on the job. 


In the same way under the signs “Roads 
and Pavements” and “Bridges and Cul- 
verts” could be seen a most complete ar- 
rangement for street or highway construc- 
tion or for the building of sky scraper 
proportions. 


The Superior Supply Company is located 
on the southwest side of Chicago, at 1850 
South Kostner Avenue. Under roof their 
plant occupies approximately 33,000 square 
feet, with a railroad switch coming right 
into the building. The outside yard covers 
about 10,000 square feet. Requirements of 
contractors for northern Illinois and nor- 
thern Indiana are supplied from this plant. 


_ Equipment seen on the warehouse floor 
includes such well known lines as Clyde 
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Iron Works; Chain Belt Company; Butler 
Bin Company; Northwest Engineering 
Company; Rogers Brothers Corporation; 
Sullivan Machinery Company; Lakewood 
Engineering Company; Page Engineering 
Company; Heltzel Steel Form & Iron 
Company; Novo Engine; Waukesha Mo- 
tor; LeRoi; Templeton, Kenly and many 
others all equally well known but too nu- 
merous to list. 


Officials of the Superior company are 
Will R. Sostheim, president; John H. 
Erby, secretary-treasurer and Mark Kap- 
lan sales manager. The organization is 
now ten years old and is a member of the 
Associated Equipment Distributors. 


Bucyrus-Erie Acquires 


Monighan Mfg. Co. 


According to recent announcement, Bu- 
cyrus-Erie Company, of South Milwaukee, 
Wisconsin has acquired a controlling inter- 
est in the Monighan Manufacturing Cor- 
poration of Chicago. This company builds 
a complete line of diesel and electric drag- 
line excavators, all of which are mounted 
on the patented Monighan walking device. 
This type of mounting is adapted to soft 
ground conditions making these machines 
desirable for such work as levee building, 
drainage and irrigation ditch construction. 

The Monighan corporation will continue 
to operate as a separate company and the 


Double Cage Tubular Tower 
in Party Dress 
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management will remain the same as in 
the past with O. J. Martinson as president. 
The sale of this product both in this coun- 
try and abroad will be handled exclusively 
by the sales organization of Bucyrus-Erie 
and its associate company Ruston-Bucyrus, 
Ltd., Lincoln, England, it is stated. All 
branch offices and representatives of both 
Bucyrus-Erie and Ruston-Bucyrus are 
said to be prepared to supply complete 
information on Monighan machines. 


Graham-Hobson Company 
Improves Service 


A reboring machine, valve refacer and 
reseater and other shop equipment has re- 
cently been installed by Graham-Hobson 
Tractor Company of Kansas City, Mis- 
souri, in order to be in a position to re- 
condition equipment for their patrons at 
lower prices than charged by ordinary 
machine shops. 

This company are distributors for Cater- 
pillar equipment and their mechanics are 
all men who have had years of experience 
in working on this type of machinery. They 
have extended an invitation to users of 
tractors to visit their new shop and see 
the equipment for caring for their require- 
ments. 

The officers of the company are: Alex- 
ander W. Graham, president; C. L. Strifler, 
secretary-treasurer and Arthur Hobson, 
vice-president and general manager. 


ot 
eux 


Old Time Pump Carries On 

Hall Brothers Woolen Mill of Norwich, 
Connecticut, recently returned to the Holy- 
oke works branch a Worthington pump 
which they had purchased in 1884, over 46 
years ago. It was a 16x8x10 duplex under- 
writer’s fire pump and after a new set of 
plungers and bushings were fitted in, it 
was said to be as good as new. 


Industrial Chemical Sales Company, 


Inc., announces the transfer of E. A. 
Sigworth, chief research chemist of their 
Tyrone, Pennsylvania plant to the sales 
division in New York City. Mr. Sigworth 
will service the company’s purification 
products including Nuchar activated car- 
bons, bleaching clays and Diafilt filter-aid. 





